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APPLIED STRENGTH OF MATERIALS 

5™ Ed. 
by 

Robert L Mott 



Options for Course Organization 



INTRODUCTION 

Course organization is one of the most important responsibilities for an instructor. Knowledge of the 
specific objectives of the program or programs of which the course is a part is critical, partícularly with 
regard to the prerequisite knowledge and skills students are expected to have when they begin the 
course and the outcomes expected as they relate to career paths of the students and abilities required for 
successful completion of following courses. 

With these overarching considerations in mind, this document attempts to provide options for how 
to structure a course in Strength of Materials using this textbook. Variables considered inelude specific 
prerequisites for mathematics, statlcs, centroids and moments of ¡nertia, physics mechanics, and 
materials Science. Comments are then presented about each of the 13 chapters of the book. 

Users of previous editions of this book will notice significant changes in the arrangement of topic 
coverage ¡n this edition, ¡n response to feedback from colleagues and users, both ¡nstructors and 
students. 

• Mathematics: Students are expected, as a minimum, to have good abilities in college 
algebra and trigonometry. Additionai skills in calculus are beneficial but not necessary. 
Comprehension of virtually all topics in the book and completion of almost all problems for 
student solution require only algebra and trigonometry. The principies of strength of materials 
in each chapter are developed flrst with logical observations of the behavior of materials 
when subjected to particular forces, moments, and torques with specific support conditions. 
Typically, those observations are presented in the introduction to each chapter in the form of 
The Big Picture in which students are asked to observe structures and various devices with 
which they are familiar and to engage in simple activltles from which they can discover 
underlying principies. Then the primary formulas governlng the mathematical representaron 
of those behaviors are stated along with the definition of variables and statements of 
llmltations on the use of the formulas. For most concepts, a sepárate section is inciuded that 
presents a more complete development of the formulas, often using differential and integral 
calculus. This is beneficial for students who have completed such mathematics courses and 


IV 




for instructors who prefer this approach. However, ¡t is not essential to inelude coverage of 
these sections and they are marked [Optional] in the followlng chapter overviews. 

• Statics: It is considered essential that students have fundamental understanding of forces, 
moments, vectors, and static equilibrium to learn adequately the principies of strength of 
materials and the problem solution techniques presented in this book. An extensive review of 
the principies of Statics is included in Appendix A-27 for students needing reinforcement. 
Also, the study of Physics Mechanics is beneficlal and is typically included as a prerequisite 
to Statics. 

• Centroids and Moments of inertia of Areas: Many courses in Statics inelude these topics. 
However, there is some advantage in delaying this coverage until these concepts are needed 
for application to beam analysis within the study of strength of materials. This provides just- 
in-time coverage that fiows naturally as presented in Chapters 5, 6, and 7 in this book. When 
a particular course requires prerequisite knowledge of Centroids and Moments of Inertia of 
Areas, Chapter 6 can be skipped. Having the material in the book should be useful for 
students to review as needed. 

• Materials Science: It is recommended that students have good knowledge and abilities 
related to the structure and behavlor of materials commonly used for structural and 
mechanical applications. A prerequisite course in materials science is recommended. 
However, It is practical for students to succeed in the use of this book with only the 
knowledge of the principies presented in Chapter 2 - Design Properties of Materials. For 
those with good prerequisite knowledge, this chapter can be quickly reviewed with emphasls 
on properties of materials that will be needed in solution of problems in this book and a 
discussion of the extensive tables of such properties presented in Appendixes A-14 through 
A-20. Covered there are common metáis, wood, and plastics. In addition, Section 2-12 on 
Composites and Section 2-13 on Materials Selection llkely inelude useful information that 
may not have been included in other courses. Users of previous editions of this book report 
that the set of materials properties data in the Appendix and the coverage of composites are 
better than most other books in strength of materials. This provides a wider variety of 
materials to apply to problems and a better understanding of the differences among types of 
materials and their response to heat treatment or other Processing variables. 

POSSIBLE COURSE ORGANIZATIONS 

The order of presentation of topics in this book is, in the opinión of the author, logical and would lead to a 
rather linear progression through the chapters ¡n the order given. The primary options for course 
organization involve consideration of which topics are essential to the objectives of the specific course. 
Options are presented here in a chapter-by-chapter basis. 
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Chapter 1 - Basic Concepts of Strength of Materials 

• Sections 1-1 through 1-12 should be covered completely in order to present a foundation for 
the study of later chapters, to present basic expectations for student performance, and to give 
students an overview of many of the Appendix tables related to the properties of areas and 
standard shapes used for structural and mechanica! applications. [See Appendixes A-1 
through A-13.] 

• Sections 1-6 through 1-11 give the basic concepts of stress and strain for direct tensión, 
direct compression, and direct shear. 

• The emphasis is on anaiysis and the understanding of the ability of materials to resist 
external torces applied to them. This is necessary for progression into Chapter 2 on Design 
Properties of Materials where some additional material properties are discussed. These basic 
concepts are expanded upon in Chapter 3. 

• Mention should also be made of Appendix A-26 Conversión Factors and Appendix A-27 
Review of the Fundamentáis of Statics. 

• Coverage of Section 1-13 Experimental and Computational Stress Anaiysis is optional and 
may depend on the connection of this course with companion laboratory courses. 

Chapter 2 - Design Properties of Materials 

Refer to the discussion of Materials Science given above in regard to prerequisite study. Most students 
will benefit from at least a quick review of all parts of this chapter and the related Appendixes. Those 
without prerequisite knowledge of materials will need more intensive study. Some considerations for 
coverage are discussed next. 

• Students in mechanical, manufacturing, civil and construction programs all require sound 
knowledge of metáis and plastics. 

• Most would also benefit from coverage of wood, concrete, and composites. 

• Section 2-12 [Optional] on Composites may be delayed until Chapter 7 is covered and linked 
with Section 7-12 on the design of beams to be made from composite materials. 

• The section on Materials Selection gives approaches to relating the expected performance of 
a structure or product to the behavior of appropriate materials. The method featured here 
leads to consideration of a wide varíety of materials and refers to other references giving 
more extensive treatment of the materials selection processes. Of particular note is the 
reference for Dr. Michael Ashby’s book, Materials Selection in Mechanical Design. 

Chapter 3 - Direct Stress, Deformation, and Design 

This chapter builds on the basic introductory treatment of direct stresses from Chapter 1 and adds 
significant competencies in design of load-carrying members. Design stresses are defined and related to 
the yield strength or ultímate strength of the materials and to the mannor of loading; steady, repeated, 
and impact or shock. Coverage can be grouped as follows: 

• The Big Picture, Activity, and Chapter Objectives 
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• Sections 3-2 through 3-6: Design of members under direct normal stresses, ¡ncluding the 
definition of design stress, design factor (factor of safety), and design approaches. 

• Sections 3-7 through 3-11: Deformation, thermal stresses, members made from more than 
one material, and stress concentration factors for direct axial stresses 

• Sections 3-12 and 3-13 on bearing stress, including design bearing stresses 

• Section 3-14 - Design Shear Stress 

Users of previous editions of this book will note that, in response to feedback from colleagues and 
external reviewers, a significant re-ordering of topics has been done in this new 5 th edition. For example, 
Bearing Stresses were formerly presented in Chapter 1 and deformations and related topics were 
covered in a sepárate chapter. It was recommended that both stress and strain (with deformations) be 
included in one chapter for each type of stress. 

Chapter 4 - Torsional Shear Stress and Torsional Deformation 
Coverage of this chapter can be groups as follows: 

• Big Picture, Activity, and Objectives 

• Section 4-2 on Torque, Power, and Rotational Speed: These topics should be review for most 
students but it has been found that careful study is required before applying them to stress 
analysis. 

• Section 4-3 presents the fundamental torsional shear stress formula and demonstrates its 
application to the analysis of stresses. 

• Sections 4-4 and 4-5 [Optional] use calculus to derive the torsional shear stress formula and 
the equations for polar moment for solid circular bars. 

• Section 4-6 extends the coverage to hollow circular sections. While some calculus is used to 
develop equations for polar moment of inertia, the final equations are all that is required for 
problem solving. 

• Section 4-7 presents an approach to design of circular members under torsión, extending the 
design stress concepts from Chapter 3 to inelude torsional shear strength of materials. 

• Section 4-8: This section provides interesting and useful comparison of the behavior of hollow 
circular sections and emphasizes their efficiency as compared with solid sections. 

• Section 4-9: The study of stress concentrations in torsionally loaded members is essential to 
proper design and analysis of shafts. 

• Section 4-10: The twisting of circular bars is discussed with the application of the equation for 
torsional deformation. 

• Section 4-11 [Optional] Torsión in noncircular sections is less frequently encountered in 
practice. However, it is ímportant for students to understand that such shapes behave quite 

.- differentiy from circular sections. 






Chapters 5 through 9: All these chapters deal with beams; members carrying loads perpendicular 
to their axes. Students should be advised to sean ail five chapters to see the progression of topics 
and to observe how each chapter relates to the others. 

Chapter 5 - Shearing Forces and Bending Moments in Beams 

• The Big Picture, Activity, and Sections 5-1 through 5-9 are essential. On rare occasions, 
some programs inelude some of these topics in the Statics course. 

• Section 5-10 [Optional] Free-Body Diagrams of Parts of Structures: Mastery of this topic 
gives students a better fundamental understanding of the behavior of toad carrying members 
by visualizing the internal forces, moments, and stresses created by various external loads. 

• Section 5-11 [Optional] Mathematical Analysis of Beam Diagrams: Here students apply 
calculus to derive equations for shearing forcé and bending moments from given beam 
loading and support conditions. This skill is required for later study of Section 9-7 Successive 
Integration Method for deflection of beams, which is, itself, optional. 

• Section 5-12 [Optional] Continuous Beams - Theorem of Three Moments: Students should, 
at least, understand that the behavior of beams with three or more supports is quite different 
from those with only two simple supports as covered in other sections of this chapter. 
Extensive study of this topic, however, would be most beneficia! for the civil and construction 
fields where such beams are frequently applied in bridges and buildings. 

• Note: This is one place where the Beam Calculator program supplied with this book 
can be used effectiveiy for analyzing complex loading patterns after students have 
mastered the manual process of creating shearing forcé and bending moment 
diagrams. The ‘Shear’ and ‘Moment’ selections produce complete diagrams 
immediately after the beam loading and support conditions are defined. 

Chapter 6 - Centroids and Moments of Inertia of Areas 

This entire chapter may be skipped for those programs in which the coverage of this topic is included in a 
prerequisite course in Statics. However, review of the procedures for computing the location of centroids 
and the computation of moments of inertia of areas is typically required. This can be done by moving 
directly to Sections 6-5, 6-6, and 6-8 where sections commonly encountered in strength of materials are 
considered, especially those including standard structural shapes such as W-beams, channels, and 
angles. 

For those programs that do not inelude this topic in prior courses, coverage of Sections 6-1 
through 6-6 and 6-8 should be covered as a minimum. These skills are essential to the understanding of 
concepts in Chapters 7-11. Coverage of the other sections of this chapter are optional as discussed 
next. 

• Section 6-7 [Optional] uses calculus to derive the moment of inertia of an area, /. 
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• Section 6-9 [Optional] provides a useful method of analyzing shapes with al! rectangular 
parts. The process can be implemented effectively in a spreadsheet. 

• Section 6-10 [Optional] Radius of Gyration is an important property of an area and is most 
directly applicable to Chapter 11 on Columns. It may be desirable to delay the coverage of 
this topic to combine it with the study of columns. 

• Section 6-11 [Optional] Section Modulus is an important property of an area and is most 
directly applicable to Chapter 7 on Stress Due to Bending. It may be desirable to delay the 
coverage of this topic to combine it with the study of beams. 

Chapter 7 - Stress Due to Bending 

• Sections 7-1 through 7-4 present the foundation material for the analysis of beams. 

• Section 7-5 [Optional] uses calculus to derive the flexure formula. It can be skipped or 
discussed lightly for those programs where detailed use of the calculus is not expected. 

• Sections 7-6 through 7-8 cover the transitions from analysis to design of beams. 

• Section 7-9 covers stress concentrations in bending situations. 

• Section 7-10 is critical, at least from the standpoint that students must understand that the 
flexure formula applies only to symmetrical sections or when the load path passes through 
the flexural center (shear center) of the section. Otherwise twisting combines with the 
bending stress, reducing the capacity of the beam. 

• Section 7-11 on Preferred Shapes for Beam Cross Sections is designed to help the novice 
student understand better why certain shapes are preferred for beams. 

• Section 7-12 [Optional] on beams made from composítes presents mostly conceptual 
information about the advantages of composites in bending cases and how the shape can be 
optimized to make best use of the special properties of composites. This section refers back 
to Section 2-12 and it may be desirable to cover those two sections together at this point. 

• Note: This is one place where the Beam Calculator program supplíed with this book 
can be used effectively for analyzing bending stress produced by complex loading 
patterns after students have mastered the manual process making such calculations 
on more simple beams. The ‘Stress’ selection produces the complete diagram of 
bending stress distribution immediately after the beam loading and support conditions 
are defined. Students should compare this result with the bending moment diagram. 

Chapter 8 - Shearing Stresses in Beams 

• Sections 8-1 through 8-4 present the fundamental concepts and the general shear formula. 

• Section 8-5 [Optional] uses calculus to derive the general shear formula. It can be skipped or 
discussed lightly for those programs where detailed use of the calculus is not expected. 

• Section 8-6 shows the special shear formulas applicable to rectangular, circular, hollow, and 
thin-webbed sections (e.g. W-beams). These formulas are frequently used. 

• Section 8-7 transitions the coverage of shear in beams from analysis to design. 
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• Section 8-8 on shear flow [Optional] is applicable to beam sections made from component 
shapes that are fastened, glued, or otherwise assembled where cormections are subjected to 
shear. 

Chapter 9 - Deflection of Beams 

There appears to be a wide divergence of opinión about what types of beam deflection approaches to 
cover in a basic course in strength of materials. This book attempts to show all popular approaches and 
let individual instructors and program faculty members decide which is best fortheir programs. 

Note: This is the place where the Beam Calculator program supplied with this book is 
most applicable. The complete deflection curve is produced immediately after the beam loading 
and support conditions are defined by selecting the ‘Deflection' button. Comparison of the 
Deflection curve with the Shear, Moment, and Stress diagrams is advised. 

That said, here are some factors to consider in course planning: 

• Sections 9-1 through 9-4 present the basic concepts and the widely used formulas for beam 
deflection, using the extensive list of formulas from Appendixes A-23, A-24, and A-25. 

• Section 9-5 gives students some experience in comparing the performance of several ways 
of supporting a given load with regard to the stresses and deflections that result. This should 
help the novice student gain a better ‘feel’ for what approaches are preferred in different 
applications. 

• Section 9-6 extends the material in Section 9-4 to the permit use of beam deflection formulas 
to a much broader array of applications. 

• Section 9-7 on the Successive Integration Method [Optional] provides a more analytical 
approach to deflection analysis. It requires the use of differential and integral calculus and 
should be combined with Section 5-11 Mathematical Analysis of Beam Diagrams. Mastery of 
these concepts would be expected for students who intend to continué their study of applied 
mechanics in later courses or gradúate study. However, their application to typical design and 
analysis cases, especially those with múltiple loads, is typically very cumbersome and it has 
become normal procedure to use commercially-available beam analysis software for such 
problems. The Beam Calculator program supplied with this book is a basic example. 

• Section 9-8 - Moment-Area Method [Optional] is preferred by some designers for 
applications that do not lend themselves to the use of formulas, superposition, or the 
successive integration approach. A notable example is the analysis of beams with varying 
cross sections as illustrated in this section. 
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Chapter 10 - Combined Stresses 

The extent of coverage of the several topics ¡n this chapter is best done by the individual instructor and/or 

program faculty members. 

• Sections 10-1 through 10-6 give good introductory coverage of the issues presented when 
two or more types of stresses occur at a given point. They also tie material from previous 
chapters together to help students understand the distribution of stresses and the interactions 
involved. Combined normal stresses and combined normal and shear stresses are 
discussed. 

• Sections 10-7 through 10-11 cover stress transformations, equations for stresses in any 
direction, principal stresses (máximum normal stress, máximum shear stress), and Mohr’s 
circle. 

• Section 10-12 covers the use of strain-gage rosettes to determine principal stresses and ties 
well with the preceding sections. It is also related to Section 1-13 - Experimental and 
Computational Stress Anaiysis, and is useful for connecting this course with companion 
laboratory courses. 

Chapter 11 - Columns 

• This chapter is a succinct, but comprehensive coverage of column anaiysis. 

• Included are basic concepts, Euler formula for long columns, J. B. Johnson formula for short 
columns, and non-centrally loaded columns (crooked and eccentrically loaded). 

• A Column Anaiysis Spreadsheet is shown that facilitates the calculations. 

Chapter 12 - Pressure Vessels 

• Basic concepts for thin-walled spheres and cylinders are recommended as a mínimum, using 
Sections 12-1 through 12-4. 

• Sections 12-5 through 12-7 [Optional] present extended coverage of thick-walled pressure 
vessels. 

• Sections 12-8 and 12-9 [Optional] present additional considerations for column design. 

• Section 12-9 [Optional] discusses the advantages of applying composite materials to 
pressure vessels. Reference to Section 2-12 should be made for basic properties of 
composites. 

Chapter 13 - Connections 

• This chapter covers bolted and riveted joints and welded connections. 


xi 
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INTRODUCTION 

Two types of software on a CD-ROM are included with this book: 

1. A set of 12 interactive video lessons that students can use to: 

a. Review material from the text for a given topic 

b. Observe the solution of a representative problem 

c. Complete a quiz at the end of each module to test understanding 

2. A versatile beam calculator program that allows: 

a. The creation of a beam and ¡ts loading and support patterns 

b. Analysisof: 

i. Shearing forcé distribution 

¡i. Bending moment distribution 

iií. Deflection of the beam at all points in the beam 

iv. Stress due to bending at all points in the beam 

The software was created by Professor Jack Zecher of Indiana Unlversity - Purdue Universlty - 
Indianapolis (IUPUI) ¡n Indianapolis, Indiana. 

ADVICE ON THE USE OF THE SOFTWARE 

As with any software, students are advised to read pertinent text 
material and master the fundamental principies of the subject and the 
methods of problem solution prior to using the software. 
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INTERACTIVE VIDEO LESSONS 

The following lessons with quizzes are included in this software: 

1 . NORMAL STRESS - Reviews the direct normal stress equation, a = Force/Area for both tensión 
and compression. Illustrates the calculation of direct normal stress on a member with múltiple 
cross section sizes. Relevant to Chapters 1-3. 

2. DIRECT SHEAR - Reviews the direct shear stress equation, x = Force/Area in shear, for both 
single shear and double shear. Relevant to Chapters 1 - 3. 

3. PUNCHING SHEAR - Reviews shearing stress that occurs in a cutting or punching situation 
using the direct shear stress equation, x = Force/Area in shear, with emphasis on identifying the 
correct area in shear. Relevant to Chapters 1 and 3. 

4. POISSON’S RATIO - Reviews the definition of strain and the fact that strains in both longitudinal 
and transverse directions are created when a ioad-carrying member is subjected to direct normal 
stress. Reviews the definition of Poisson’s ratio. Relevant to Chapters 2 and 3. 

5. STRESS CONCENTRATION - Reviews the concept of increased stresses occurring near 
sections of Ioad-carrying members with abrupt changes in cross section. Illustrates the stress 
concentration factor for a member loaded in tensión. Ineludes color graphic illustrations of stress 
lines around a hole and the plot of results of a finite element analysis. Relevant to Chapter 3. 

6. AXIAL DEFORMATION - Reviews the deformation of members loaded in direct tensión or 
compression using the formula, 8 = FL/EA. Relevant to Chapter 3. 

7. THERMAL STRESSES - Reviews the property of coefficient of thermal expansión, a. 
Demonstrates the calculation of thermal expansión using the formula, 8 = aL(Af) for a given 
change of temperature, At. Also demonstrates the stress created when members are restrained 
as temperatures change. Relevant to Chapter 3. 

8. STATICALLYINDETERMINATE- Reviews the principies of axial deformation and considers the 
case when two or more members, possibly made from different materials, are loaded together. 
Relevant to Chapter 3. 

9. TORSIONAL STRESS AND DEFORMATION - Reviews both the torsional shear stress 
equation, x = Tc/J and the torsional deformation equation, 0 = TL/GJ. Illustrates calculations for a 
stepped shaft loaded by two torques and shows a torque diagram. Relevant to Chapter 4. 

10. BENDING STRESS - Reviews the bending stress equation, cr = Mc/I, along with shearing forcé 
and bending moment diagrams. A finite element analysis animation is included illustrating how 
bending stresses are produced as a section of a T-beam deforms. Relevant to Chapters 5-7. 

11 . SHEAR IN BEAMS - Reviews shearing forces and stresses produced in beams along with 
bending. Illustrates the application of the beam shearing stress formula, x = VQ/lt, using a 
rectangular beam made from glued laminations. Relevant to Chapter 8. 
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12. COMBINED NORMAL STRESSES - Reviews the case when a member is subjected to 
simultaneous bending and direct normal stresses. Ineludes a finite element model of such a 
member. Relevantto Chapter 10. 

Notes on the quizzes: After viewing the video of any module, the student may access an interactive quiz 
in which a situation similar to the example shown in the video is presented with data. The student must 
complete the analysis on paper and enter the result. The program determines whether the entered result 
is correct or not and reports back. Students are permitted to enter valúes twice before the correct solution 
is shown. 

BEAM CALCULATOR 

This versatile software permits students to perform analyses of beams with complex loading patterns and 
with many combinations of support conditions. Its use, after students have mastered the principies of 
beam analysis by hand calculations, facilitates the evaluation of múltiple alternative designs for a beam to 
explore relationships among variables such as: 

• Types of support and their placement relative to the applied loads 

• Magnitude of the loads and their placement relative to the supports 

• Beam materlals and cross section properties such as modulus of elasticíty, moment of inertla, 
and shape 

Many more and more complex examples can be analyzed in a given amount of time, extending learning 
beyond the typical problems that are assigned for practice by hand calculations. 

The software uses a finite element analysis-based process that divides the beam into 50 
segments. Calculations of results are made for each of the 50 points and at any applied load or support. If 
the user desires that the results for any other point be given, a concentrated load ofzero valué 
may be placed at that point. 

Features of the software inelude: 

1 . Units - Units of length are first selected by the user in either English (feet or inches) or Metric 
(meters or millimeters). 

2. Beam Properties - Beam properties are entered by the user for: 

a. Beam length 

b. Modulus of elasticity, E, for the material of the beam 

c. Moment of inertia, /, for the cross section shape and dimensions of the beam 

d. Dlstance from the neutral axis of the cross section to the top of the beam 

e. Dlstance from the neutral axis of the cross section to the bottom of the beam 

3. Supports - The type or types of supports and their placement are deflned by the user. Up to 20 
supports may be used in any combination of: 

a. Rolier support providlng only vertical support 

b. Pinned support providing vertical or horizontal support 
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i. Note: Theoretically one roller support and one pin support should be provided for 
a simply supported beam to ensure equilibrium. However, this program permits 
only vertical concentrated or distributed loads and couples for which only vertical 
reactions are computed. 

c. Fixed support providing vertical and moment resistance, such as the support for a 
cantilever 

d. Before the analysis can proceed, the beam design musí have a mínimum of either: 

i. Two pinned supports 

ii. One pinned and one roller support 

iii. One fixed support 

e. The user may modify any support type or location before analysis is performed. This 
feature facilitates correction of entered data orthe exploration of severa! alternative 
designs. 

4. Loads - The user defines any combination of up to 20 loads by giving their placement and 
magnitudes. The load types available are: 

a. Concentrated 

b. Distributed - Either uniformly or uniformly varying distributed loads can be used. The 
user enters the placement and magnitude (forcé per unit length) at the start and at the 
end of the loading. 

c. Couple - This is a concentrated moment applied at any point along the beam. A 
counterclockwise couple is considered positive. 

5. Analyze - After the beam is defined completely, the user selects the ’Analyze’ button. If an 
incomplete or an excessive set of data are provided, the analysis will not be completed. The 
followlng analyses are completed: 

a. Shear - A complete shearing forcé diagram is shown under the beam design 

b. Moment - A complete bending moment diagram is shown under the beam design 

c. Deflection - A complete diagram of the shape of the deflected beam is shown 

d. Stress - The distribution of bending stress across the entire length of the beam is shown 

e. Notes: 

i. Valúes at any point on any diagram can be displayed by placing the cursor at the 
desired point. 

¡i. The ESC (escape) key must be used to stop the interaction with the currently 
displayed diagram before switching from one type of output to another. 
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Qptions for Course Orqanization 


INTRODUCTION 

Course organizaron is one of the most ¡mportant responsibilities for an instructor. Knowledge of the 
specific objectives of the program or programs of which the course is a part is critical, particularly with 
regard to the prerequisite knowledge and skills students are expected to have when they begin the 
course and the outcomes expected as they relate to career paths of the students and abilities required for 
successful completion of following courses. 

With these overarching considerations in mind, this document attempts to provide options for how 
to structure a course in Strength of Materials using this textbook. Variables considered inelude specific 
prerequisites for mathematics, statics, centroids and moments of inertia, physics mechanics, and 
materials Science. Comments are then presented about each of the 13 chapters of the book. 

Users of previous editions of this book will notice significant changes in the arrangement of topic 
coverage in this edition, in response to feedback from colleagues and users, both instructors and 
students. 

a Mathematics: Students are expected, as a minimum, to have good abilities in college 
algebra and trigonometry. Additional skills in calculus are beneficial but not necessary. 
Comprehension of virtually all topics in the book and completion of almost all problems for 
student solution require only algebra and trigonometry. The principies of strength of materials 
in each chapter are developed first with logical observations of the behavior of materials 
when subjected to particular forces, moments, and torques with specific support conditions. 
Typically, those observations are presented in the introduction to each chapter in the form of 
The Big Picture in which students are asked to observe structures and various devices with 
which they are familiar and to engage in simple activities from which they can discover 
underlying principies. Then the prlmary formulas governing the mathematical representation 
of those behaviors are stated along with the definition of variables and statements of 
limitations on the use of the formulas. For most concepts, a sepárate section is included that 
presents a more complete development of the formulas, often using differential and integral 
calculus. This is beneficial for students who have completed such mathematics courses and 
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for instructors who prefer this approach. However, ¡t is not essential to inelude coverage of 
these sections and they are marked [Optional] in the following chapter overviews. 

• Statics: It ¡s considered essential that students have fundamental understanding of forces, 
moments, vectors, and static equilibrium to learn adequately the principies of strength of 
materials and the problem solution techniques presented in this book. An extensive review of 
the principies of Statics is included in Appendix A-27 for students needing reinforcement. 
Also, the study of Physics Mechanics is beneficial and is typically included as a prerequisite 
to Statics. 

• Centroids and Moments of Inertia of Areas: Many courses in Statics inelude these topics. 
However, there is some advantage in delaying this coverage until these concepts are needed 
for application to beam analysis within the study of strength of materials. This provides just- 
in-time coverage that flows naturally as presented in Chapters 5, 6, and 7 in this book. When 
a particular course requires prerequisite knowledge of Centroids and Moments of Inertia of 
Areas, Chapter 6 can be skipped. Having the material in the book should be useful for 
students to review as needed. 

® Materials Science: It is recommended that students have good knowledge and abilities 
related to the structure and behavior of materials commonly used for structural and 
mechanical applications. A prerequisite course in materials Science is recommended. 
However, it is practical for students to succeed in the use of this book with only the 
knowledge of the principies presented in Chapter 2 - Design Properties of Materials. For 
those with good prerequisite knowledge, this chapter can be quickly reviewed with emphasis 
on properties of materials that will be needed in solution of problems in this book and a 
discussion of the extensive tables of such properties presented in Appendixes A-14 through 
A-20. Covered there are common metáis, wood, and plastics. In addition, Section 2-12 on 
Composites and Section 2-13 on Materials Selection likely inelude useful information that 
may not have been included in other courses. Users of previous editions of this book report 
that the set of materials properties data in the Appendix and the coverage of composites are 
better than most other books in strength of materials. This provides a wíder variety of 
materials to apply to problems and a better understanding of the differences among types of 
materials and their response to heat treatment or other processing variables. 

POSSIBLE COURSE ORGANIZATIONS 

The order of presentation of topics in this book is, in the opinión of the author, logical and would lead to a 
rather linear progression through the chapters in the order given. The primary options for course 
organization involve consideration of which topics are essential to the objectives of the specific course. 
Options are presented here in a chapter-by-chapter basis. 
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Chapter 1 - Basic Concepts of Strength of Materials 

• Sections 1-1 through 1-12 should be covered completely ¡n order to present a foundation for 
the study of later chapters, to present basic expectations for student performance, and to give 
students an overview of many of the Appendix tables related to the properties of areas and 
standard shapes used for structural and mechanical applications. [See Appendixes A-1 
through A-13.] 

o Sections 1-6 through 1-11 give the basic concepts of stress and straín for direct tensión, 
direct compression, and direct shear. 

o The emphasis is on analysis and the understanding of the ability of materials to resist 
external forces applied to them. This is necessary for progression into Chapter 2 on Design 
Properties of Materials where some additional material properties are discussed. These basic 
concepts are expanded upon in Chapter 3. 

• Mention should also be made of Appendix A-26 Conversión Factors and Appendix A-27 
Review of the Fundamentáis of Statics. 

o Coverage of Section 1-13 Experimental and Computational Stress Analysis is optional and 
may depend on the connection of this course with companion laboratory courses. 

Chapter 2 - Design Properties of Materials 

Refer to the discussion of Materials Science given above in regard to prerequisite study. Most students 
will benefit from at least a quick review of all parts of this chapter and the related Appendixes. Those 
without prerequisite knowledge of materials will need more intensive study. Some considerations for 
coverage are discussed next. 

s Students in mechanical, manufacturing, civil and construction programs all require sound 
knowledge of metáis and plastics. 

9 Most would also benefit from coverage of wood, concrete, and composites. 

0 Section 2-12 [Optional] on Composites may be delayed until Chapter 7 is covered and linked 
with Section 7-12 on the design of beams to be made from composite materials. 

e The section on Materials Selection gives approaches to relating the expected performance of 
a structure or product to the behavior of appropriate materials. The method featured here 
leads to consideration of a wide variety of materials and refers to other references giving 
more extensive treatment of the materials selection processes. Of particular note is the 
reference for Dr. Michael Ashby’s book, Materials Selection in Mechanical Design. 

Chapter 3 - Direct Stress, Deformation, and Design 

This chapter builds on the basic ¡ntroductory treatment of direct stresses from Chapter 1 and adds 
signíficant competencies in design of load-carrying members. Design stresses are defined and related to 
the yield strength or ultímate strength of the materials and to the manner of loading; steady, repeated, 
and impact or shock. Coverage can be grouped as follows: 

• The Big Picture, Activity, and Chapter Objectíves 
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0 Sections 3-2 through 3-6: Design of members under direct normal stresses, including the 
definrtion of design stress, design factor (factor of safety), and design approaches. 

® Sections 3-7 through 3-11: Deformation, thermal stresses, members made from more than 
one material, and stress concentration factors for direct axial stresses 

a Sections 3-12 and 3-13 on bearing stress, including design bearing stresses 

a Section 3-14 - Design Shear Stress 

Users of previous editions of this book will note that, in response to feedback from colleagues and 
external reviewers, a significant re-ordering of topics has been done in this new 5 ,h edition. For example, 
Bearing Stresses were formerly presented in Chapter 1 and deformations and related topics were 
covered in a sepárate chapter. It was recommended that both stress and strain (with deformations) be 
included in one chapter for each type of stress. 

Chapter 4 - Torsional Shear Stress and Torsional Deformation 
Coverage of this chapter can be groups as follows: 

o Big Picture, Activity, and Objectives 

• Section 4-2 on Torque, Power, and Rotational Speed: These topics should be review for most 
students but it has been found that careful study is required before applying them to stress 
analysis. 

® Section 4-3 presents the fundamental torsional shear stress formula and demonstrates its 
application to the analysis of stresses. 

• Sections 4-4 and 4-5 [Optional] use calcuius to derive the torsional shear stress formula and 
the equations for polar moment for solid circular bars. 

® Section 4-6 extends the coverage to hollow circular sections. While some calcuius is used to 
develop equations for polar moment of inertia, the final equations are all that is required for 
problem solving. 

8 Section 4-7 presents an approach to design of circular members under torsión, extending the 
design stress concepts from Chapter 3 to inelude torsional shear strength of materials. 

® Section 4-8: This section provides interesting and useful comparison of the behavior of hollow 
circular sections and emphasizes their efficiency as compared with solid sections. 

8 Section 4-9: The study of stress concentrations in torsionally loaded members is essential to 
proper design and analysis of shafts. 

8 Section 4-10: The twisting of circular bars is discussed with the application of the equation for 
torsional deformation. 

8 Section 4-11 [Optional] Torsión in noncircular sections is less frequently encountered in 
practice. However, it is ¡mportant for students to understand that such shapes behave quite 
differently from circular sections. 
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Chapters 5 through 9: All íhese chapters deal with beams; members carrying loads perpendicular 
to their axes. Students should be advised to sean all five chapters to see the progression of topics 
and to observe how each chapter relates to the others. 

Chapter 5 - Shearing Forces and Bending Moments in Beams 

• The Big Picture, Activity, and Sections 5-1 through 5-9 are essential. On rare occasions, 
some programs inelude some of these topics in the Statics course. 

• Section 5-10 [Optional] Free-Body Diagrams of Parts of Structures: Mastery of this topic 
gives students a better fundamental understanding of the behavior of load carrying members 
by visualizing the internal forces, moments, and stresses created by various external loads. 

® Section 5-11 [Optional] Mathematical Analysis of Beam Diagrams: Here students apply 
calculus to derive equations for shearing forcé and bending moments from given beam 
loading and support conditions. This skill is required for later study of Section 9-7 Successive 
Integration Method for deflection of beams, which is, itself, optional. 

® Section 5-12 [Optional] Continuous Beams -Theorem of Three Moments: Students should, 
at least, understand that the behavior of beams with three or more supports is quite dífferent 
from those with only two simple supports as covered in other sections of this chapter. 
Extensive study of this topic, however, would be most beneficial for the civil and construction 
fields where such beams are frequently applied in bridges and buildings. 

® Note: This is one place where the Beam Calculator program supplied with this book 
can be used effectively for analyzing complex loading patterns after students have 
mastered the manual process of creating shearing forcé and bending moment 
diagrams. The ‘Shear’ and ‘Moment’ selections produce complete diagrams 
immediately after the beam loading and support conditions are defined. 

Chapter 6 - Centroids and Moments of Inertia of Areas 

This entire chapter may be skipped for those programs in which the coverage of this topic is included in a 
prerequisite course in Statics. However, review of the procedures for computing the location of centroids 
and the computation of moments of inertia of areas is typically required. This can be done by moving 
directly to Sections 6-5, 6-6, and 6-8 where sections commonly encountered in strength of materials are 
considered, especially those including standard structural shapes such as W-beams, channels, and 
angles. 

For those programs that do not inelude this topic in prior courses, coverage of Sections 6-1 
through 6-6 and 6-8 should be covered as a minimum. These skills are essential to the understanding of 
concepts in Chapters 7-11. Coverage of the other sections of this chapter are optional as discussed 
next. 

® Section 6-7 [Optional] uses calculus to derive the moment of inertia of an area, /. 
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® Section 6-9 [Optional] provides a useful method of analyzing shapes with all rectangular 
parts. The process can be implemented effectively ¡n a spreadsheet. 

• Section 6-10 [Optional] Radius of Gyration is an important property of an area and is most 
directly applicable to Chapter 11 on Columns. It may be desirable to delay the coverage of 
this topic to combine it with the study of columns. 

® Section 6-11 [Optional] Section Modulus is an important property of an area and is most 
directly applicable to Chapter 7 on Stress Due to Bending. It may be desirable to delay the 
coverage of this topic to combine it with the study of beams. 

Chapter 7 - Stress Due to Bending 

® Sections 7-1 through 7-4 present the foundation material for the analysis of beams. 

® Section 7-5 [Optional] uses calculus to derive the flexure formula. It can be skipped or 
discussed lightly for those programs where detailed use of the calculus is not expected. 

® Sections 7-6 through 7-8 cover the transitions from analysis to design of beams. 

• Section 7-9 covers stress concentrations in bending situations. 

• Section 7-10 is critical, at least from the standpoint that students must understand that the 
flexure formula applies only to symmetrical sections or when the load path passes through 
the flexural center (shear center) of the section. Otherwise twisting combines with the 
bending stress, reducing the capacity of the beam. 

• Section 7-11 on Preferred Shapes for Beam Cross Sections is designed to help the novice 
student understand better why certain shapes are preferred for beams. 

9 Section 7-12 [Optional] on beams made from composites presents mostly conceptual 

information about the advantages of composites in bending cases and how the shape can be 
optimized to make best use of the special properties of composites. This section refers back 
to Section 2-12 and it may be desirable to cover those two sections together at this point. 

• Note: This is one place where the Beam Calculator program supplied with this book 
can be used effectively for analyzing bending stress produced by complex loading 
patterns after students have mastered the manual process making such calculations 
on more simple beams. The ‘Stress’ selection produces the complete diagram of 
bending stress distribution immediately after the beam loading and support conditions 
are defined. Students should compare this result with the bending moment diagram. 

Chapter 8 - Shearing Stresses in Beams 

9 Sections 8-1 through 8-4 present the fundamental concepts and the general shear formula. 

9 Section 8-5 [Optional] uses calculus to derive the general shear formula. It can be skipped or 
discussed lightly for those programs where detailed use of the calculus is not expected. 

• Section 8-6 shows the special shear formulas applicable to rectangular, circular, hollow, and 
thin-webbed sections (e.g. W-beams). These formulas are frequently used. 

« Section 8-7 transitions the coverage of shear in beams from analysis to design. 
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• Section 8-8 on shear flow [Optional] ¡s applicable to beam sections made from component 
shapes that are fastened, glued, or otherwise assembled where connections are subjected to 
shear. 

Chapter 9 - Deflection of Beams 

There appears to be a wide divergence of opinión about what types of beam deflection approaches to 
cover in a basic course in strength of materials. This book attempts to show all popular approaches and 
let individual instructors and program faculty members decide which is best for their programs. 

Note: This is the place where the Beam Calculator program supplied with this book is 
most applicable. The complete deflection curve is produced immediately after the beam loading 
and support conditions are defined by selecting the ‘Deflection’ button. Comparison of the 
Deflection curve with the Shear, Moment, and Stress diagrams is advised. 

That said, here are some factors to consider in course planning: 

« Sections 9-1 through 9-4 present the basic concepts and the widely used formulas for beam 
deflection, using the extensive list of formulas from Appendixes A-23, A-24, and A-25. 

• Section 9-5 gives students some experience in comparing the performance of several ways 
of supporting a given load with regard to the stresses and deflections that result. This should 
help the novice student gain a better ‘feel’ for what approaches are preferred in different 
applications. 

0 Section 9-6 extends the material in Section 9-4 to the permit use of beam deflection formulas 
to a much broader array of applications. 

0 Section 9-7 on the Successive Integration Method [Optional] provides a more analytical 
approach to deflection analysis. It requires the use of differential and integral calculus and 
should be combined with Section 5-11 Mathematical Analysis of Beam Diagrams. Mastery of 
these concepts would be expected for students who intend to continué their study of applied 
mechanics in later courses or gradúate study. However, their application to typical design and 
analysis cases, especially those with múltiple loads, is typically very cumbersome and it has 
become normal procedure to use commercially-available beam analysis software for such 
problems The Beam Calculator program supplied with this book is a basic example. 

® Section 9-8 - Moment-Area Method [Optional] is preferred by some designers for 
applications that do not lend themselves to the use of formulas, superposition, or the 
successive integration approach. A notable example is the analysis of beams with varying 
cross sections as illustrated in this section. 
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Chapter 10 - Combined Stresses 

The extent of coverage of the several topics ¡n this chapter is best done by the individual instructor and/or 

program faculty members. 

® Sections 10-1 through 10-6 give good introductory coverage of the issues presented when 
two or more types of stresses occur at a given point. They also tie material from previous 
chapters together to help students understand the distribution of stresses and the interactions 
involved. Combined normal stresses and combined normal and shear stresses are 
discussed. 

• Sections 10-7 through 10-11 cover stress transformations, equations for stresses in any 
direction, principal stresses (máximum normal stress, máximum shear stress), and Mohr's 
circle. 

• Section 10-12 covers the use of strain-gage rosettes to determine principal stresses and ties 
well with the preceding sections. It is also related to Section 1-13 - Experimental and 
Computational Stress Analysis, and is useful for connecting this course with companion 
laboratory courses. 

Chapter 11 - Columns 

• This chapter is a succinct, but comprehensive coverage of column analysis. 

0 Included are basic concepts, Euler formula for long columns, J. B. Johnson formula for short 
columns, and non-centrally loaded columns (crooked and eccentrically loaded). 

• A Column Analysis Spreadsheet is shown that facilitates the calculations. 

Chapter 12 - Pressure Vessels 

• Basic concepts for thin-walled spheres and cylinders are recommended as a minimum, using 
Sections 12-1 through 12-4. 

® Sections 12-5 through 12-7 [Optional] present extended coverage of thick-walled pressure 
vessels. 

0 Sections 12-8 and 12-9 [Optional] present additional considerations for column design. 

® Section 12-9 [Optional] discusses the advantages of applying composite materials to 
pressure vessels. Reference to Section 2-12 should be made for basic properties of 
composites. 

Chapter 13 - Connections 

• This chapter covers bolted and riveted joints and welded connections. 
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^ Software Included with the Book 



INTRODUCTION 

Two types of software on a CD-ROM are included with this book: 

1. A set of 12 interactive video lessons that students can use to: 

a. Review material from the text for a given topic 

b. Observe the solution of a representative problem 

c. Complete a quiz at the end of each module to test understanding 

2. A versatile beam calculator program that allows: 

a. The creation of a beam and its loading and support patterns 

b. Analysis of: 

i. Shearing forcé distribution 

ii. Bending moment distribution 

iii. Deflection of the beam at all points in the beam 

iv. Stress due to bending at all points in the beam 

The software was created by Professor Jack Zecher of Indiana University - Purdue University - 
Indianapolis (IUPUI) in Indianapolis, Indiana. 

ADVICE ON THE USE OF THE SOFTWARE 

As with any software, students are advised to read pertinent text 
material and master the fundamental principies of the subject and the 
methods of problem solution prior to using the software. 



INTERACTIVE VIDEO LESSONS 

The following lessons with quizzes are included in this software: 


1 . NORMAL STRESS - Reviews the direct normal stress equation, o = Force/Area for both tensión 
and compression. Illustrates the calculation of direct normal stress on a memberwith múltiple 
cross sectíon sizes. Relevant to Chapters 1-3. 

2 . DIRECT SHEAR - Reviews the direct shear stress equation, t = Force/Area in shear , for both 
single shear and double shear. Relevant to Chapters 1 - 3. 

3. PUNCHING SHEAR - Reviews shearing stress that occurs in a cutting or punching situation 
using the direct shear stress equation, x = Force/Area in shear, with emphasis on identifying the 
correct area in shear. Relevant to Chapters 1 and 3. 

4. POISSON’S RATIO - Reviews the definition of strain and the fact that strains in both longitudinal 
and transverse directions are created when a load-carrying member is subjected to direct normal 
stress. Reviews the definition of Poisson’s ratio. Relevant to Chapters 2 and 3. 

5. STRESS CONCENTRATION - Reviews the concept of increased stresses occurring near 
sections of load-carrying members with abrupt changes in cross section. Illustrates the stress 
concentration factor for a member loaded in tensión. Ineludes color graphic illustrations of stress 
lines around a hole and the plot of results of a finíte element analysis. Relevant to Chapter 3. 

6. AXIAL DEFORMATION - Reviews the deformation of members loaded in direct tensión or 
compression using the formula, 8 = FUEA. Relevant to Chapter 3. 

7. THERMAL STRESSES - Reviews the property of coefficient of thermal expansión, a. 
Demonstrates the calculation of thermal expansión using the formula, 8 = otL(Af) for a given 

change of temperature, A t. Also demonstrates the stress created when members are restrained 
as temperatures change. Relevant to Chapter 3. 

8. STATICALLYINDETERMINATE - Reviews the principies of axial deformation and considers the 
case when two or more members, possibly made from different materials, are loaded together. 
Relevant to Chapter 3. 

9. TORSIONAL STRESS AND DEFORMATION - Reviews both the torsional shear stress 
equation, x = Tc/J and the torsional deformation equation, 0 = TL/GJ. Illustrates calculations for a 
stepped shaft loaded by two torques and shows a torque diagram. Relevant to Chapter 4. 

10. BENDING STRESS - Reviews the bending stress equation, ct = Mc/I, along with shearing forcé 
and bending moment diagrams. A finite element analysis animation is included illustrating how 
bending stresses are produced as a section of a T-beam deforms. Relevant to Chapters 5-7. 

11 . SHEAR IN BEAMS - Reviews shearing forces and stresses produced in beams along with 
bending. Illustrates the application of the beam shearing stress formula, x = VQ/lt, using a 
rectangular beam made from glued laminations. Relevant to Chapter 8. 
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12. COMBINED NORMAL STRESSES - Reviews the case when a member is subjected to 
simultaneous bendíng and direct normal stresses. Ineludes a finite element model of such a 
member. Relevant to Chapter 10. 

Notes on the quizzes: After viewing the video of any module, the student may access an interactive quiz 
ín which a situation similar to the example shown in the video is presented with data. The student must 
complete the analysis on paper and enter the result. The program determines whether the entered result 
is correct or not and reports back. Students are permitted to enter valúes twice before the correct solution 
is shown. 

BEAM CALCULATOR 

This versatile software permits students to perform analyses of beams with complex loading patterns and 
with many combinations of support conditions. Its use, after students have mastered the principies of 
beam analysis by hand calculations, facilitates the evaluation of múltiple alternative designs for a beam to 
explore relationships among variables such as: 

• Types of support and their placement relative to the applied loads 

• Magnitude of the loads and their placement relative to the supports 

® Beam materials and cross section properties such as modulus of elasticity, moment of inertia, 
and shape 

Many more and more complex examples can be analyzed in a given amount of time, extending learning 
beyond the typical problems that are assigned for practice by hand calculations. 

The software uses a finite element analysis-based process that divides the beam into 50 
segments. Calculations of results are made for each of the 50 points and at any applied load or support. If 

the user desires that the results for any other point be given, a concentrated toad of zero valué 
may be placed at that point. 

Features of the software include: 

1 . Units - Units of length are first selected by the user in either English (feet or inches) or Metric 
(meters or millimeters). 

2. Beam Properties - Beam properties are entered by the user for: 

a. Beam length 

b. Modulus of elasticity, E, for the material of the beam 

c. Moment of inertia, /, for the cross section shape and dimensions of the beam 

d. Distance from the neutral axis of the cross section to the top of the beam 

e. Distance from the neutral axis of the cross section to the bottom of the beam 

3. Supports - The type or types of supports and their placement are defined by the user. Up to 20 
supports may be used in any combination of: 

a. Roller support providing only vertical support 

b. Pinned support providing vertical or horizontal support 
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i. Note: Theoretically one roller support and one pin support should be provided for 
a simply supported beam to ensure equilibrium. However, this program permits 
only vertical concentrated or distributed loads and couples for which only vertical 
reactions are computed. 

c. Fixed support providing vertical and moment resistance, such as the support for a 
cantilever 

d. Before the analysis can proceed, the beam design must have a minimum of either: 

i. Two pinned supports 

ii. One pinned and one roller support 

iii. One fixed support 

e. The user may modify any support type or location before analysis is performed. This 
feature facilitates correction of entered data or the exploration of several alternative 
designs. 

4. Loads - The user defines any combination of up to 20 loads by giving their placement and 
magnitudes. The load types available are: 

a. Concentrated 

b. Distributed - Either uniformly or uniformly varying distributed loads can be used. The 
user enters the placement and magnitude (forcé per unit length) at the start and at the 
end of the loading. 

c. Couple - This is a concentrated moment applied at any point along the beam. A 
counterclockwise couple is considered positive. 

5. Analyze - After the beam is defined completely, the user selects the Analyze’ button. If an 
incomplete or an excessive set of data are provided, the analysis will not be completed. The 
following analyses are completed: 

a. Shear - A complete shearing forcé diagram is shown under the beam design 

b. Moment - A complete bending moment diagram is shown under the beam design 

c. Deflection - A complete diagram of the shape of the deflected beam is shown 

d. Stress - The distribution of bending stress across the entire length of the beam is shown 

e. Notes: 

i Valúes at any point on any diagram can be displayed by placing the cursor at the 
desired point. 

ii. The ESC (escape) key must be used to stop the interaction with the currently 
displayed diagram before switching from one type of output to another. 
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CHAPTER 2 Design Properties of Materials 
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2-44 Graphite fibers. 


2-45 S-glass, quartz fibers, tungsten fibers coated with Silicon Carbide. 


Material 

Specific strength 
(in) 

fíatio to 
AISI 1020 

Graphite/Epoxy (High Strength) 

4.86x106 

25.0 

Aramid/Epoxy Composite 

4.00x106 

20.6 

Boron/Epoxy Composite 

3.60x106 

18.5 

Graphite/Epoxy (Ultra-hi mod) 

2.76x106 

14.2 

Glass/Epoxy Composite 

1.87x106 

9.63 

Titanium TÍ-6AI-4V 

1 . 00 x 106 

5.15 

AISI 5160 OQT 700 Steel 

0.929x106 

4.78 

Aluminum 7075-T6 

0.822x106 

4.23 

Aluminum 6061-T6 

0.459x106 

2.36 

AISI 1020 HR Steel 

0.194x106 

1.00 

Material 

Specific modulus 
(in) 

Ratío to 
AISI 1020 

Graphite/Epoxy (Ultra-hi mod) 

8.28x108 

7.81 

Boron/Epoxy Composite 

4.00x108 

3.77 

Graphite/Epoxy (High Strength) 

3.45x108 

3.25 

Aramid/Epoxy Composite 

2 . 20 x 108 

2.07 

AISI 1020 HR Steel 

1.06x108 

1.00 

AISI 5160 OQT 700 Steel 

1.06x108 

1.00 

Titanium TÍ-6AI-4V 

1.03x108 

0.97 

Aluminum 6061-T6 

1 . 02 x 108 

0-96 

Aluminum 7075-T6 

0.99x108 

0.93 

Glass/Epoxy Composite 

0 . 66 x 108 

0.62 


2-60 V m = 1 - Vf = 1.0 - 0.60 = 0.40 

2-61 See Equation (2-fo). 

2-62 See Equations (2-/¡), (2-p), (2-13,), (2 -tí). 



2-6 3 Given: Vf = 0.50; Fibers are high strength carbon-PAN; Matrix is Epoxy 
See Table 2-|S'for data. Vm = 1- Vf = 1 0 - 0.50 = 0.50 
Use Equation (2-ty: s uc = Suf Vf + a m ' V m 

Strain at which fibers would fail: ef = s U f IEf = (820x 103 psi)/(40x106 psi) 

£f = 0.0205 

Stress in matrix at this strain; am' - E m e = (0.56x106 psi)(0.0205) = 11 480 psi 
Then: suc = (820x 103 psi)(0.50) + (11 480 psi)(0.50) = 415x103 psi 
Modulus of eiasticity: E c = Ef Vf + E m Vm = (40x106)(0.5) + (0.56x106)(0.50) 

E c = 20.3x106 psi 

Specific weight: y c = yf Vf + y m Vm = (0.065)(0.50) + (0.047)(0.50) 
ye = 0.056 Ib/in3 


2-64 Given: Vf = 0.50; Fibers are high modulus carbón; Matrix is Epoxy 
See Table 2-/^for data. Vm = 1- Vf = 1 0 * 0.50 = 0.50 
Use Equation (2- tó): Suc = Suf Vf + am' Vm 

Strain at which fibers would fail: et = Suf IEf = (325x 103 psi)/(100x106 psi) 
ef - 0.00325 

Stress in matrix at this strain: a m ' = E m e = ( 0 . 56 x 106 psi)(0.00325) = 1820 psi 
Then: Suc = (325x 103 psi)(0.50) + (1820 psi)(0.50) = 163x103 psi 
Modulus of eiasticity: E c = Ef Vf + E m Vm = (100x106)(0.5) + (0.56x106)(0.50) 

E c = 50.3x106 psi 

Specific weight: y c = y f Vf + y m vm = (0.078)(0.50) + (0.047)(0.50) 
ye = 0.0625 Ib/in3 


2-65 Given: Vf - 0.50; Fibers are aramid; Matrix is Epoxy 

See Table 2-/5'for data. l/m=l-Vf=10 - 0.50 = 0.50 
Use Equation (2-/«): suc = Suf Vf + a m ' V m 

Strain at which fibers would fail: ef = Suf IEf = (500x 103 psi)/(l 9 x 106 psi) 
ef = 0.0263 

Stress in matrix at this strain: am' = E m £ = (0.56x106 psi)(0.0263) = 14 740 psi 
Then: Suc = (500x 103 psi)(0.50) + (14 740 psi)(0.50) = 257 x 1 Q3 psi 
Modulus of eiasticity: E c = Ef Vf + E m Vm = (19x106)(0.5) + (0.56x106)(0.50) 

E c = 9.78x106 p S ¡ 

Specific weight: y c = y f Vf + y m Vm = (0.052)(0.50) + (0.047)(0.50) 

Yc = 0.0495 Ib/in3 



Solutions to Problems 2-66 to 2-67: Some data approximated from Figure P2-66. 

Most accurate valúes are for Ultimate strength (b.)and % elongation (f). 

Elastic limit (d.) estimated between proportional limit (c.) and yield strength (a.) 

Modulus of elasticity (e.) computed from (A stress / A strain). Data are approximated 
Materials found from Appendixes A-13 through A-17 matching s u , Sy, % Elongation, and E 


2-66 a. Sy = 73 ksi - Offset 

b. s u = 83 ksi 

c. s p = 60 ksi 

d. s B , = 67 ksi 

e. E= 10.0x10® psi 

f. 11% Elongation 

g. Ductile 

h. Aluminum 
I. 7075-T6 

2-68 a. Sy = 62 ksi Offset 

b. s u = 75 ksi 

c. s p = 50 ksi 

d. s e! = 56 ksi 

e. E = 16.7x10® psi 

f. 15% Elongation 

g. Ductile 

h. CopperAlloy 

I. C54400 Bronze-hard 

2-70 a. No Sy- Brittle 

b. s u = 55 ksi 

c. s p = 50 ksi 

d. s el = 53 ksi 

e. E = 20.0x10® psi 

f. 0.5% Elongation 

g. Brittle 

h. Cast Iron 

I. ASTM A48 Grade 60 

2-72 a. Sy = 35 ksi - Yield point 

b. s u = 57 ksi 

c. s p = 30 ksi 

d. Sg, = 27 ksi 

e. E = 26x10® psi 

f. 21% Elongation 

g. Ductile 

h. Structural Steel 
I. ASTMA36 


2-67 a. Sy = 173 ksi Yield point 

b. s„ = 187 ksi 

c. s p = 162 ksi 

d. s B i =168 ksi 

e. E = 29.0x10® psi 

f. 15% Elongation 

g. Ductile 

h. Steel 

I. AISI 4140 OQT 900 

2-69 a. Sy = 49 ksi - Yield point 

b. s u = 65 ksi 

c. s p = 46 ksi 

d. Sg, =? 48 ksi 

e. E = 26.5x10® psi 

f. 36% Elongation 

g. Ductile 

h. Steel 

I. AIS11020 CD 

2-71 a. Sy= 53 ksi - Offset 

b. s u = 59 ksi 

c. s p = 31 ksi 

d. s e , = 42 ksi 

e. E = 12.0x10® psi 

f. 5.0% Elongation 

g. Bordertine Brittle/Ductile 

h. Zinc 

I. CastZA-12 

2-73 a. Sy = 19 ksi - Offset 

b. s u = 40 ksi 

c. s p = 14 ksi 

d. s e ,= 17 ksi 

e. E = 6x10® psi 

f. 5% Elongation 

g. Borderline Brittle/Ductile 

h. Magnesium 

I. ASTM AZ 63A-T6 



2-74 a. Sy = 155 ksi - Offset 

b. s u = 170ksi 

c. s p -142 ksi 

d. s e i =149 ksi 

e. E = 16.5x10 6 psi 

f. 8% Elongation 

g. Ductíle 

h. Titanium 
I. 6AI-4V 

2-76 a. Sy = 80 ksi - Offset 

b. s u = 90 ksi 

c. s p = 62 ksi 

d. s e i = 71 ksi 

e. E = 26x10 6 psi 

f. 15% Elongation 

g. Ductile 

h. Stainless Steel 

I. AISI 430 full hard 


n 


2-75 a. Sy = 40 ksi - Offset 

b. s u = 45 ksi 

c. s p = 30 ksi 

d. s e i = 35 ksi 

e. E = 10.0x10 6 psi 

f. 17% Elongation 

g. Ductile 

h. Aluminum 
I. 6061-T6 

2-77 a. Sy= 80 ksi - Offset 

b. s u = 95 ksi 

c. s p = 55 ksi 

d. Sei = 68 ksi 

e. E = 26x10® psi 

f. 2.0% Elongation 

g. Brittle, but does yield 

h. Malleable Iron 

I. ASTM A220 Grade 80002 



CHAPTER 3 Design of Members Under Direct Síresses 
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FIGURE P6-1 

Units: 

loches 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

le 

d 

Ad A 2 

lc+Ad A 2 

1-Vertical 

0.5000 

1.0000 

0.5000 

0.16670 

0.3365 

0.0566 

0.2233 

2-Horizontal 

0.3125 

0.1250 

0.0391 

0.00163 

0.5384 

0.0906 

0.0922 

Total a rea = 

0.8125 

Sum Ay= 

0.5391 



Total 1 = 

0.3156 in A 4 

Y= 

0.6635 

in 







FIGURE P6-2 

Units: 

Inches 

NOTE: 6x8 rectangle with 5x6 rectangle removed 


Part 

Area 

y 

Ay 

le 

d 

Ad A 2 

lc+Ad A 2 

1-Total 6x8 

48.00 

4.00 

192.00 

256.00 

0.00 

0.00 

256.00 

2-Void 5x6 

-30.00 

4.00 

-120.00 

-90.00 

0.00 

0.00 

-90.00 

Total area = 

18.00 

Sum Ay= 

72.00 



Total 1 = 

166.00 ¡n A 4 

Y= 

4.00 

in 

NOTE: Reference axis ¡s base of the shape 



FIGURE P6-3 

Units: 

Inches 

NOTE: 6x8 rectangle with 4x6 rectangle removed 


Part 

Area 

y 

Ay 

le 

d Ad A 2 

lc+Ad A 2 

1-Total 6x8 

48.00 

4.00 

192.00 

256.00 

0.00 0.00 

256.00 

2-Void 4x6 

-24.00 

4.00 

-96.00 

-72.00 

0.00 0.00 

-72.00 

Total area = 

24.00 

Sum Ay= 

96.00 


Total 1 = 

184.00 in A 4 

Y= 

4.00 

in 

NOTE: Reference axis is base of the shape 



FIGURE P6-4 

Units: 

mm 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

le 

d 

Ad A 2 

lc+Ad A 2 

1-Vertical 

5000 

100 

5.000E+05 

1.667E+07 

52.50 

1.38E+07 

3.04E+07 

2-Horizontal 

4375 

213 

9.297E+05 

2.279E+05 

60.00 

1.58E+07 

1.60E+07 

Total area = 

9375 

Sum Ay= 

1.430E+06 



Total 1 = 

4.64E+07 mm A 4 

Y= 

152.50 

mm 







FIGURE P6-5 

Units: 

mm 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

le 

d 

Ad A 2 

lc+Ad A 2 

1-Vertical 

250 

30.0 

7.500E+03 

5.208E+04 

5.00 

6.25E+03 

5.83E+04 

2-Horiz-bot 

100 

2.5 

2.500E+02 

2.080E+02 

32.50 

1.06E+05 

1.06E+05 

3-Horiz-top 

200 

57.5 

1.150E+04 

4.170E+02 

22.50 

1.01E+05 

1.02E+05 

Total area = 

550 

Sum Ay= 

1.925E+04 



Total 1 = 

2.66E+05 mm A 4 

Y= 

35.00 

mm 








FIGURE P6-6 Units: mm NOTE: Both vertical rectangles (10x30) combined 


Part 

Area 

y 

Ay 

le 

d Ad A 2 

lc+Ad A 2 

1-Ver-20X30 

600 

15 

9.000E+03 

4.500E+04 

2.50 3.75E+03 

4.88E+04 

2-Hor-20X10 

200 

5 

1.000E+03 

1.667E+03 

7.50 1.12E+04 

1.29E+04 

Total area = 

800 

Sum Ay= 

1.000E+04 


Total 1 = 

6.17E+04 mm A 4 

Y= 

12.50 

mm 

NOTE: Reference axis is base of the shape 



FIGURE P6-7 

Units: 

mm 

NOTE: Entire vertical stem; 2 horiz. flanges each 5x15 

Part 

Area 

y 

Ay 

le 

d Ad A 2 

lc+Ad A 2 

1-Ver-5X40 

200 

20.0 

4.000E+03 

2.667E+04 

0.00 0E+00 

2.67E+04 

2-Horiz-bot 

75 

2.5 

1.875E+02 

1.562E+02 

17.50 2.30E+04 

2.31 E+04 

3-Horiz-top 

75 

37.5 

2.812E+03 

1.562E+02 

17.50 2.30E+04 

2.31 E+04 

Total area = 

350 

Sum Ay= 

7.000E+03 


Total 1 = 

7.29E+04 mm A 4 

Y= 

20.00 

mm 

NOTE: Reference axis is base of the shape 



FIGURE P6-8 

Units: 

mm 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

le 

d 

Ad A 2 

IC+Ad A 2 

1-Ver-5X40 

200 

20.0 

4.000E+03 

2.667E+04 

0.00 

0E+00 

2.67E+04 

2-Ver-5x40 

200 

20.0 

4.000E+03 

2.667E+04 

0.00 

0E+00 

2.67E+04 

3-Hor-30x5 

150 

20.0 

3.000E+03 

3.125E+02 

0.00 

0E+00 

3.12E+02 

Total area = 

550 

Sum Ay= 

1.100E+04 



Total 1 = 

5.36E+04 mm A 4 

Y= 

20.00 

mm 







FIGURE P6-9 

Units: 

mm 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

le 

d 

Ad A 2 

lc+Ad A 2 

1-Ver-5X30 

150 

20.0 

3.000E+03 

1.125E+04 

0.00 

0E+00 

1.12E+04 

2-Horiz-bot 

200 

2.5 

5.000E+02 

4.167E+02 

17.50 

6.12E+04 

6.17E+04 

3-Horiz-top 

200 

37.5 

7.500E+03 

4.167E+02 

17.50 

6.12E+04 

6.17E+04 

Total area = 

550 

Sum Ay= 

1.100E+04 



Total 1 = 

1.35E+05 mm A 4 

Y= 

20.00 

mm 







FIGURE P6-10 

Units: 

mm 

NOTE: Reference axis is base of the shape 


Part Area 

y 

Ay 

le 

d 

Ad A 2 

lc+Ad A 2 

1-Ver-5X50 

250 

30.0 

7.500E+03 

5.208E+04 

0.00 

0E+00 

5.21 E+04 

2-Horiz-bot 

140 

2.5 

3.500E+02 

2.917E+02 

27.50 

1.06E+05 

1.06E+05 

3-Horiz-top 

140 

57.5 

8.050E+03 

2.917E+02 

27.50 

1.06E+05 

1.06E+05 

Total area = 

530 

Sum Ay= 

1.590E+04 



Total 1 = 

2.64E+05 mm A 4 

Y= 

30.00 

mm 








FIGURE P6-11 

Units: 

mm 

NOTE: Both vert. combined 10x45; horiz. flanges combined 5x30 

Part 

Area 

y 

Ay 

le 

d 

Ad A 2 

lc+Ad A 2 

1-Ver-10X45 

450 

22.5 

1.012E+04 

7.594E+04 

0.69 

2.14E+02 

7.62E+04 

2-Hor-5x30 

150 

2.5 

3.750E+02 

3.125E+02 

19.31 

5.59E+04 

5.62E+04 

3-Hor-5x25 

125 

42.5 

5.312E+03 

2.604E+02 

20.69 

5.35E+04 

5.38E+04 

Total area = 

725 

Sum Ay= 

1.581E+04 



Total 1 = 

1.86E+05 mm A 4 

Y= 

21.81 

mm 

NOTE: Reference axis ¡s base of the shape 



FIGURE P6-12 

Units: 

mm 

NOTE: All verticals massed together 



Part Area 

y 

Ay 

le 

d 

Ad A 2 

lc+Ad A 2 

1-Ver-16X16 

256 

8 

2.048E+03 

5.461 E+03 

4.39 

4.92E+03 

1.04E+04 

2-Hor-4X50 

200 

18 

3.600E+03 

2.667E+02 

5.61 

6.30E+03 

6.57E+03 

Total area = 

456 

Sum Ay= 

5.648E+03 



Total 1 = 

1.70E+04 mm A 4 

Y= 

12.39 

mm 

NOTE: Reference axis is base of the shape 



FIGURE P6-13 

Units: 

mm 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

le 

d 

Ad A 2 

lc+Ad A 2 

1-Hor-5x10 

50 

2.5 

1.250E+02 

1.045E+02 

20.83 

2.17E+04 

2.18E+04 

2-Ver-5X55 

275 

27.5 

7.562E+03 

6.932E+04 

4.17 

4.77E+03 

7.41 E+04 

3-Hor-5x20 

100 

27.5 

2.750E+03 

2.083E+02 

4.17 

1.74E+03 

1.94E+03 

4-Ver-5x30 

150 

15.0 

2.250E+03 

1.125E+04 

8.33 

1.04E+04 

2.17E+04 

5-Hor-5x5 

25 

52.5 

1.312E+03 

5.208E+01 

29.17 

2.13E+04 

2.13E+04 

Total area = 

600 

Sum Ay= 

1.400E+04 



Total 1 = 

1.41 E+05 mm A 4 

Y= 

23.33 

mm 







FIGURE P6-14 

Units: 

Inches 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

le 

d 

Ad A 2 

lc+Ad A 2 

i-Bot píate 

0.5200 

0.1000 

0.0520 

0.00173 

0.4330 

0.0975 

0.0992 

2-Bot flanges 

0.1200 

0.2500 

0.0300 

0.0001 

0.2830 

0.0096 

0.0097 

3-2 Vert web£ 

0.3000 

0.9500 

0.2850 

0.05625 

0.4169 

0.0522 

0.1084 

4-Horiz-top 

0.12 

1.65 

0.1980 

0.0001 

1.1170 

0.1497 

0.1498 

Total area = 

1.06 

Sum Ay= 

0.5650 



Total 1 = 

0.3672 in A 4 

Y= 

0.5330 

in 







FIGURE P6-15 

Units: 

Inches 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

le 

d 

Ad A 2 

lc+Ad A 2 

1-Bot flange 

0.1000 

0.0500 

0.0050 

0.00008 

1.0176 

0.1036 

0.1036 

2-2 Verticals 

0.4800 

1.2000 

0.5760 

0.23040 

0.1323 

0.0084 

0.2388 

3-Mid-Horiz. 

0.1 

1.4500 

0.1450 

0.0000833 

0.3823 

0.0146 

0.0147 

Total area = 

0.68 

Sum Ay= 

0.7260 



Total 1 = 

0.3572 ¡n A 4 

Y= 

1.0676 

in 









FIGURE P0-16 Units: 

loches 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

le 

d 

Ad A 2 

lc+Ad A 2 

1-Rectangte 

1.1250 

0.7500 

0.8438 

0.21094 

0.1491 

0.0250 

0.2360 

2-Semicircle 

0.2209 

1.6590 

0.3665 

0.0022148 

0.7598 

0.1275 

0.1297 

Total atea = 

1.34589 

Sum Ay= 

1.2102 



Total 1 = 

0.3657 in A 4 

Y= 

0.8992 

in 







FIGURE P6-17 

Unlts: 

mm 

NOTE: Reference axis taken 

at y=125 



Part 

Area 

y 

Ay 

le 

d 

Ad A 2 

lc+Ad A 2 

1-Rectangle 

11400 

0.0 

0E+00 

3.430E+07 

0.00 

0E+00 

3.43E+07 

2-Semic-bot 

1414 

-107.7 

-1.52E+05 

9.072E+04 

107.72 

1.64E+07 

1.65E+07 

3-Semic-top 

1414 

107.7 

1.52E+05 

9.072E+04 

107.72 

1.64E+07 

1.65E+07 

Total area = 

14227 

Sum Ay= 

0E+00 



Total 1 = 

6.73E+07 mm A 4 

Y= 

0.00 

mm 







FIGURE P6-18 

1 Units: 

mm 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

le 

d 

Ad A 2 

IC+Ad A 2 

1-Rectangle 

1200 

20.0 

2.400E+04 

1.60E+05 

7.27 

6.35E+04 

2.23E+05 

2-Rect rem. 

-400 

20.0 

-8.00E+03 

-1.33E+04 

7.27 

-2.1E+04 

-3.4E+04 

3-Triangle 

300 

46.7 

1.40E+04 

6.67E+03 

19.39 

1.13E+05 

1.20E+05 

Total area = 

1100 

Sum Ay= 

3.000E+04 



Total 1 = 

3.08E+05 mm A 4 

Y= 

27.27 

mm 







FIGURE P6-19 Units: 

loches 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

le 

d 

Ad A 2 

lc+Ad A 2 

1-Hor-.5x1.4 

0.700 

0.250 

0.1750 

0.0146 

0.681 

0.3242 

0.3388 

2-Ver-, 6x2.5 

1.500 

1.250 

1.8750 

0.7813 

0.319 

0.1531 

0.9343 

3-2 Tr-.7x1.f 

0.910 

0.933 

0.8493 

0.0854 

0.003 

0.0000 

0.0854 

4-Tri-rem 

-0.460 

0.807 

-0.3711 

-0.0216 

0.124 

-0.0071 

-0.0287 

5-Hole-rem 

-0.049 

2.200 

-0.1080 

-0.0002 

1.269 

-0.0791 

-0.0793 

Total area = 

3 

Sum Ay= 

2.4202 



Total 1 = 

1.2506 in A 4 

Y= 

0.9305 

in 







FIGURE P6. 

-20 Units: 

inches 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

le 

d 

Ad A 2 

lc+Ad A 2 

1-2 Vert rect 

1.2000 

1.0000 

1.2000 

0.4000 

0.2798 

0.0940 

0.4940 

2-2 Triangles 

0.5100 

1.1333 

0.5780 

0.0819 

0.1465 

0.0109 

0.0928 

3-Top-. 3x2.4 

0.7200 

1.8500 

1.3320 

0.0054 

0.5701 

0.2341 

0.2395 

Total area = 

2.4300 

Sum Ay= 

3.1100 



Total 1 = 

0.8263 in A 4 

Y= 

1.2798 

in 








FIGURE P6-21 

Units: 

Inches 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

le 

d 

Ad A 2 

lc+Ad A 2 

l-Vert rect 

8.2500 

4.2500 

35.0625 

20.7969 

0 

0.0000 

20.7969 

2-Bot flange 

5.2500 

0.7500 

3.9375 

0.9844 

3.5 

64.3125 

65.2969 

3-Top flange 

5.2500 

7.7500 

40.6875 

0.9844 

3.5 

64.3125 

65.2969 

Total area = 

18.7500 

Sum Ay= 

79.6875 



Total 1 = 

151.3906 in A 4 

Y= 

4.2500 

in 







FIGURE P6-22 

Units: 

Inches 

NOTE: 7.25x7 rectangle 

with 4.25x5.5 rectangle removed 

Part 

Area 

y 

Ay 

le 

d 

Ad A 2 

lc+Ad A 2 

1-Tot 7.25x7 

50.75 

3.50 

177.63 

207.23 

0.00 

0.00 

207.23 

2-4.25x5.5 H 

-23.38 

3.50 

-81.81 

-58.92 

0.00 

0.00 

-58.92 

Total area = 

27.38 

Sum Ay= 

95.81 



Total 1 * 

148.30 in A 4 

Y= 

3.50 

in 

NOTE: Reference axis is base of the 

shape 



FIGURE P6-23 

Units: 

Inches 

NOTE: 24x4.5 rectangle with 21x3.5 rectangle removed 

Part 

Area 

y 

Ay 

ic d 

Ad A 2 

lc+Ad A 2 

1-Tot 24x4.5 

108.00 

2.25 

243.00 

182.25 0.00 

0.00 

182.25 

2-21x3.5 rem 

-73.50 

2.25 

-165.38 

-75.03 0.00 

0.00 

-75.03 

Total area = 

34.50 

Sum Ay= 

77.63 


Total 1 = 

107.22 ín A 4 

Y= 

2.25 

in 

NOTE: Reference axis ¡s base of the shape 



FIGURE P6-24 

Units: 

Inches 

NOTE: Reference axis ¡s base of the shape 


Part 

Area 

y 

Ay 

le 

d 

Ad A 2 

ic+Ad A 2 

1-2 Vertlcals 

33.75 

5.63 

189.84 

355.96 

2.13 

152.40 

508.36 

2-Top flange 

16.88 

12.00 

202.50 

3.16 

4.25 

304.80 

307.97 

Total area = 

50.63 

Sum Ay= 

392.34 



Total 1 = 

816.33 ¡n A 4 

y~ 

7.75 

in 







FIGURE P6-25 

Units: 

Inches 

NOTE: Beam depth = 13.7 ¡n;Ref axis : 

=centroid;7.35 in from bot 

Part 

Area 

y 

Ay 

le 

d 

AcT 

l c + Ad* 

1~W14x43 

12.60 

0.00 

0.00 

428,00 

0,00 

0.00 

428.00 

2-bot píate 

4.00 

-7.10 

-28.40 

0.0833 

7.10 

201.64 

201.72 

3-top píate 

4.00 

7.10 

28.40 

0.0833 

7.10 

201.64 

201.72 

Total area = 
Y = 

20.60 

0.00 

Sum Ay = 
Inches 

0.00 



Total 1 - 

831.45 ¡n 4 


FIGURE P6-26 

Units: Inches 

NOTE; Reference axis is base of the shape 


Part 

Area 

y 

Ay 

le 

d 

Ad^ 

l c + AcF“ 

1-S12x50 

14.600 

6.000 

87.600 

303.00 

1.913 

53,43 

356.43 

2-C12x25 

7.350 

11.713 

86.091 

4.45 

3.800 

106.13 

110.58 

Total area = 

21.950 

Sum Ay = 

173.691 



Total 1 - 

467.01 in 4 

Y- 

7.913 

Inches 

NOTE: Web for O is 0.387 thick; Y-Y axis down 0.674 from top 


NOTE: For Channel; y = 12.0 + 0.387-0.674 = 11.713 in 



FIGURE P6-27 

Units: 

Inches 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

le 

d 

Ad A 2 

lc+Ad A 2 

1-112x14.292 

12.15 

6.00 

72.92 

317.33 

1.40 

23.73 

341.06 

2-Top píate 

3.50 

12.25 

42.88 

0.07 

4.85 

82.41 

82.49 

Total area = 

15.65 

Sum Ay= 

115.79 



Total 1 = 

423.55 in A 4 

Y= 

7.40 

in 







FIGURE P6-28 

Units: 

Inches 

NOTE: Depth 

of C12 ¡si 2.0; Ref. axis 

at centroid;y= 

=6.50 from bot 

Part Area 

y 

Ay 

le d 

Ad A 2 lc+Ad A 2 

1-Two C12 

14.07 

0.00 

0.00 

319.520 0.00 

0.00 

319.52 

2-Bot píate 

5.00 

-6.25 

-31.25 

0.104 6.25 

195.31 

195.42 

3-Top píate 

5.00 

6.25 

31.25 

0.104 6.25 

195.31 

195.42 

Total area = 

19.07 

Sum Ay= 

0.00 


Total 1 = 

710.35 ¡n A 4 

Y= 

0.00 

in 






FIGURE P6-29 

Units: 

Inches 

NOTE: Overall depth=7.0 in; Ref axis : 

=centroid; 3.5 in from bot 

Parí 

Area 

y 

Ay 

le 

d 

Ad" 

l c + Ád ¿ 

1 Veri píate 

3.00 

0.000 



0.000 

0.000 

9.000 

2-Bot angles (2) 

2.74 

-2.368 

-6.49 


2.368 

15.364 

16.316 

3-Top angles (2) 

2.74 

2.368 

6.49 

0.9520 

2.368 

15.364 

16.316 

4-Top píate 

2.25 

3.250 

7.31 


3.250 

23.766 

23.813 

5-Bot píate 

2,25 

-3.250 

-7.31 


3.250 

23.766 

23.813 

Total area = 

12.980 

Sum Ay = 

0.00 



Total 1 - 

89.258 in 4 

y s 

0.00 

Inches 

NOTE: For Angle; y = 3.50 - 

0.50 - 0.632 = 2.638 in 



FIGURE P8-30 

Units: 

Inches 

NOTE: Overall depth = 6.0 in; Ref axis 

¡=centroid; 3.0 in from bot 

Part 


y 

Ay 

le 

d 

Ad" 

le + Ad 4 

1-Vert plates (2) 

3.000 

0.000 

0.000 

9.000 

0.000 

0.000 

9.000 

2-bot channel 

1.760 

-2.545 

-4.479 

0.300 

2.545 

11.3996 

11.6996 

masmamm 

1.760 

2.545 

4.479 

0.300 

2.545 

11.3996 

11.6996 

Total area = 
Y- 

6.520 

0.00 

Sum Ay = 
Inches 

0.000 



Total 1 = 

32.3991 in 4 


FIGURE P6-31 

Units: Inches 

NOTE: Ref axis : 

=centroid; 3.0 in from center of either pipe 


Part 

Area 

y 

Ay 

le 

d 

Ad 4 

l c + Ad 4 


1-Vert píate 

2.050 

0.000 

0.000 

2.8717 

HVjn 

0.000 

2.872 


2-bot pipe 

0.799 

-3.000 

-2.397 



7.1910 

7.5009 


3-top pipe 

0.799 

3.000 

2.397 



7.1910 

7.5009 


Total area = 

3.648 

Sum Ay = 

0.000 



Total 1 = 

17.8735 

in 4 

Y- 

0.00 

Inches 

NOTE: Length of píate = 

6.00 - pipe dia = 6.00 -1.90 

= 4.10 in 


FIGURE P6-32 

Units: 

Inches 

NOTE: Reference axis=centroíd= 12 in from CL of pipes 


Part 

Area 

y 

Ay 

le 

d 

Ad 2 

leW~ 


1-Top pipes (2) 

4.4560 

12.0000 

53.4720 

6,0340 

■FOTS 

641.66 

647.70 


Mamama 

4.4560 

-12.0000 

-53.4720 

6.0340 


641.66 

647.70 


Total area = 

8.9120 

Sum Ay = 

0.0000 



Total 1 = 

1295.40 

in 4 

Y = 

0.0000 

Inches 
























FIGURE P6-33 Units: Inches NOTE: Ref axis at base of shape 


Part 

■SU 

y 

Ay 

le 

d 

Ad" 

Ic + Ad* 


1-Base píate 


0.125 

0.313 

0.0130 

2.592 

16.800 

16.813 


2-Angles (2) 

3.380 

1.470 

4.969 


1.247 

5.2582 

10.7582 


3-top píate 


4.500 

27.000 

0.1250 

1.783 

19.0689 

19.1939 


Total area = 

11.880 

Sum Ay = 

32.281 



Total 1 = 

46.7646 

in 4 

Y- 

2.717 

Inches 








FIGURE P6-34 

Units: 

Inches 

NOTE: Reference axis=centroid= 3.00 in from bottom 


Part 

Area 

y 

Ay 

le 

d 

Ad‘. | c + Ad 2 . 


1- Channel 

2- Channel 

m i 

0.000 

0.000 

Mi MI 

ÜÜI 


0.000 17.300 

0.000 17.300 


Total area = 
Y = 

6.660 

0.0000 

Sum Ay = 
Inches 

0.000 



Total 1 - 34.600 

in 4 


FIGURE P6-35 

Units: 

Inches 

NOTE: Ref axis at base of shape 




Part 

Area 

y 

Ay 

le 

d 

Ad ¿ 

le + Ad 2 


1-Angles (2) 

1.888 

0.586 

1.106 

0.6920 

2.023 

7.730 

8.422 


2-Bot channel 

2.640 

0.478 

1.262 

0.6240 

2.131 

11.9931 

12,6171 


3-Verí webs (2) 

4.500 

3.000 

13.500 

13.5000 

0.391 

0.6866 

14.1866 


4-Top channel 

2.640 

5.522 

14.578 

0.6240 

2.913 

22.3959 

23.0199 


Total area = 

Y = 

11.668 

2.609 

Sum Ay = 
Inches 

30.446 



Total 1 = 

58.2452 

in 4 


FIGURE P6-36 

Units: 

inches 

NOTE: Reference axis is bases of shape 



Part 


y 

Ay 

le 

d 

Ad ¿ 

.I c + Ad z 


1-W6X15 
Angles (2) 

4.430 

1.888 

2.995 

0.846 

13.268 

1.597 

29.100 

0.692 


1.827 

4.287 

30.927 

4.979 


Total area = 
Y = 

6.318 

2.3528 

Sum Ay = 
Inches 

14.865 



Total 1 - 

35.906 

- 4 

in 


FIGURE P6-37 

Units: 

Inches 

NOTE: Reference axis is 

bases of shape 


Part 

SiSIIlS 

y 

Ay 

lo 

d 

Ad" “ 

“¡¡TÁd 5 ” 

1-Bottube 

2.440 



4.490 


5.490 

9.980 

2-Top tube 

2.440 



1.480 

1.500 

5.490 

6.970 

Total area = 
Y - 

4.880 

3.5000 

Sum Ay = 
Inches 

17.080 



Total 1 = 

16.950 in 4 


FIGURE P6-38 

Units: 

Inches 

NOTE: Ref axis at base of shape 




Part 

Area 

y 

Ay 

le 

d 

Ad ¿ 

l c + Ad* 


1 -6x6x1 ¡2 

9.740 

3.000 

29.220 

48.3000 

0.051 

0.025 

48.325 


2-4x2x1/4 

2.440 

1.465 

3.575 

1.4800 

1.484 

5.3736 

6.8536 


3-3x2x1/4 

1.970 

4.535 

8.934 

1.1100 

1.586 

4.9552 

6.0652 


Total area = 

14.150 

Sum Ay = 

41.729 



Total 1 = 

61.2442 

- 4 

in 

Y = 

2.949 

Inches 

NOTE: Use design wall thickness for 6x6x1/2; t w = 

0.465 in 



10 $ 















FIGURE P8-38 Units: Inches NOTE: Ref axis at base of shape 


HüHI 


y 

Ay 

le 

d 

F” 

__ 5 _ 


1-Bot channel 

1.590 

0,457 

0.727 

0.3120 

2.904 

13.411 

13.723 


2-6x2x1/4 

3.370 

3.184 

mmm 


0.177 

0.1058 

13.2058 


3-Toop channel 

1.590 

6.641 

i rgm 



17.1037 

17.4157 


Total area = 

6.550 

Sum Ay = 

22.016 



Total 1 - 

44.3442 

■ 4 

in 

Y- 

3.361 

Inches 








FIGURE P6-40 

Units: Inches 

NOTE: Reference axis is bases of shape 



Parí 

Area 

y 

Ay 

le 

d 

ÁcF 

le + Ad" 


1- Bot channel 

2- Top l-beam 

1.881 

1.726 


1.373 

2.416 


0.321 

0.349 

0.193 

0.211 

1.173 

0.891 


Total area = 
Y- 

3.607 

1.0506 

Sum Ay = 
Inches 

3.790 



Total 1 - 

2.064 

!m 4 

in 


FIGURE P6-41 

Units: 

Inches 

NOTE: Reference axis is bases of shape 


Part 

Area 

y 

Ay 

le 

d 

Ad" 

i c + ÁcF~ 

1-W12x30 

8.790 

6.150 

54.059 

238.000 

2.022 

35.953 

273,953 

2-06x13 

3.830 

12.814 

49.078 

1.050 

4.642 

82.514 

83.564 


12.620 

8.1724 

Sum Ay = 
Inches 

103.136 

NOTE: depth of W-beam = 

12.3 in 

Total 1 ■ 

357.517 in 4 


UhLUzUsbWfl 

Units: Inches 

NOTE: Ref axis= 

=centroid of W-shape 




Part 

Area 

y 


lo 

d 

Ad" 

l c + Ad 2 


1-W4x13 

3.830 





H'ffflitiMifflí 

11.300 


2-bof tube 

2,440 

-3.080 

-7.515 

1.4800 


23.1468 

24.6268 


3-top tube 

2.440 

3.080 

7.515 

1.4800 


23.1468 

24.6268 


Total area = 
Y - 

8.710 

0.00 

Sum Ay = 
Inches 

0.000 

NOTE: depth of W-beam = 

4.16 in 

Total 1 - 

60.5536 

in 4 



Units: Inches 

NOTE: Ref axis is bottom of shape 



Part 


y 

Ay 

le 

d 

Ad 2 

l c + ÁtP 

1-W12x30 

8.790 

6.150 

54.059 

238.0 

2.047 

36.828 

274.828 

2-L4x3x1/4 

1.690 

13.520 

22.849 

2.750 

5.323 

47.8871 

50.6371 

3-L4X3X1/4 

1.690 

13.520 

22.849 

2.750 

5.323 

47.8871 

50.6371 

Total area = 
Y - 

12.170 

8.20 

Sum Ay = 
Inches 

99.756 

NOTE: depth of W-beam = 

12.3 in 

Total 1 - 

376.1020 in 4 


FIGURE P6-44 

Units: Inches 

NOTE: Ref axis : 

=centroid of tube 




Part 

Area 

y 

Ay 

lo 

d 

Ad 2 

l c + Ad 2 


1-6x2x1/4 

3.370 


0.000 

13.1000 


0.000 

13.100 


2-bot píate 

1.000 


-3.250 

0.0208 


10.5625 

10.5833 


RWUJJMJHI 






10.5625 

10.5833 



5.370 

0.00 

Sum Ay = 
Inches 

0.000 



Total 1 = 

34.2667 

in 4 








































FIGURE P6-45 (Jnits: Inches NOTE: Ref axis is bottom of shape 


Parí Area 

y 

Ay 

le 

d 

Ad‘ 

HC+acF~~ 


1-C8x4.147 3.526 

4.000 

14.104 

37.40 

1.023 

3.692 

41.092 


2-08x4.147 3.526 

4.000 

14.104 

37.40 

1.023 

3.692 

41.092 


3-08x4.147-Top 3.526 

7.070 

24.929 

3.250 

2.047 

14.770 

18.020 


Total area = 10.578 

Sum Ay = 

53.137 



Total 1 = 

100.205 

¡n 4 

Y - 5.023 

Inches 








FIGURE P6-46 

Units: Inches 

NOTE: Ref axis at base of shape 




Parí 

Area 

y 

Ay 

lo 

d 

Ad" 

~T+ a?. 


1-1/2x18 píate 

9.000 

0.250 

2.250 

0.1875 

1.857 

31.036 

31.223 


2-3/4x10 píate 

7.500 

5.500 

41.250 

62.500 

3.393 

86.344 

148.844 


3-L8x4x1/2 

5.800 

1.354 

7.853 

6.750 

0.753 

3.289 

10.039 


4-L8x4x1/2 

5.800 

1.354 

7.853 

6.750 

0.753 

3.289 

10.039 


Total area = 
Y = 

28.100 

2.107 

Sum Ay = 
Inches 

59.206 



Total 1 - 

200.144 

in 4 


FIGURE P6-47 


Units: mm NOTE: Reference axis is bottom of the shape 


Part 

Area, A , 

y, 

A,y ¡ i c 

d¡ A ^ ¡ 2 

l c +Ad 2 

1-Flanges(2) 

72.000 

1.500 

108.0 54.0 

13.1 12434.2 

12488.2 

2-Vert. webs(2) 

150.000 

12.500 

1875.0 7812.5 

2.1 687.9 

8500.4 

3-Semicircle(+) 

157.080 

29.240 

4593.0 1120.0 

14.6 33476.6 

34596.6 

4-Semicircle(-) 

-76.970 

27.968 

-2152.7 -268.9 

13.3 -13669.7 

-13938.6 

Total area = 

302.110 mm 2 

Sum Ay = 

4423.3 mm 3 

Total l c = 

41646.6 mm 


Y — 

14.641 mm 



FIGURE P6-48 








Units: Inches NOTE: Reference axis is base of the shape 

Part 

Area, A¡ 

y, 

A ¡y , l c 

d¡ Aid 2 

l c + Ad 2 

1-Rect. (2) 

1.250 

0.625 

0.781 0.163 

0.391 0.191 

0.353 

2-Semicircle 

0.884 

1.568 

1.385 0.035 

0.552 0.270 

0.305 

Total area = 

2.134 in 2 

Sum Ay = 

2.167 in 3 

Total / c *= 

0.659 in 4 


Y - 

1.016 in 





























SOLUTIONS FOR PROBLEMS 6-67 THROUGH 6-81 


□ 

Each problem requirea eomputaíion of the radius of gyration: 

r y - (l/A ) A 0.S with reapect to the vertical Y-Y centroidal axis 
Data for ñ are taken from the Solutions for l x for the given figure number. 

All sections have a vertical axis of symmetry and they can be broken into parís 
that all have their centroidal axis on the axis of symmetry. 

Therefore, the total I is the algebraic sum of the / valúes for all parís. 




h 

12 

h 

memim 

A 


6-67 

6-68 

6-69M 

6-70M 

6-71 

P6-2 

P6-3 

P6-4 

P6-5 

P6-16 

18.00 

144.00 

2.60E+05 

3333 

0.0527 

0.50 

-32.00 

1.12E+07 

521 

0.00775 

18.00 

0.00 

0.00 

26667 

0.00 

36.500 

112.000 

1.14E+07 

3.05E+04 

0.0605 

18.00 

24.00 

9375 

550 

1.35 

1.424 

2.160 

34.911 

7.449 

0.212 

6-72M 

6-73 

6-74 

6-75 

6-76 

P6-17 

P6-21 

P6-22 

P6-23 

P6-24 

3.42E+06 

5.359 

222.30 

5184.00 

25.31 

3.18E+05 

1.547 

-35.18 

-2701.13 

177.98 

3.18E+05 

5.359 

0.00 

0.00 

0.00 

4.06E+06 

12.266 

187.11 

2482.88 

203.29 

14227 

18.75 

27.38 

34.50 

50.63 

16.883 

0.809 

2.614 

8.483 

2.004 

6-77 

6-78 

6-79 

6-80 

6-81 

P6-25 

P6-26 

P6-27 

P6-42 

P6-44 

45.20 

15.60 

35.48 

3.860 

2.210 

21.33 

144.00 

14.29 

4.490 

0.333 

21,33 

0.00 

0.00 

4.490 

0.333 

87.867 

159.60 

49.772 

12.840 

2.877 

■ 

2.065 

2.696 

1.783 

1.214 

0.732 


I 1 is for the large outside rectangle; / 2 is for the internal rectangle and is negative 
For Problems 6-69M, 6-70M, and 6-72M: / in mm 4 , A in mm 2 , r in mm 
For all other problems: / in in 4 , A in in 2 , r in inches 


































SOLUTIONS TO PROBLEMS 6-21M TO 6-46M 
METRIC VERSIONS OF FIGURES P6-21 TO P6.46 


FIGURE P6-21 Bfl _ Units; mm _ NOTE: Reference axis is base of the shape 


Parí 

Area 

y 

Ay 

MHEMH 

d 

Ad 4 

l c + Ad 2 ~ 

1-Bot 2x4 

3382 

19 

64258 

4.070E+05 

89 

2.679E+07 

2.72E+07 

2-Web-2x6 


108 

574560 

8.689E+06 

0 

0.0000 

8.69E+06 

3-Top 2x4 

3382 

197 

666254 

4.070E+05 

89 

2.679E+07 

2.72E+07 

Total area = 

12084 

Sum Ay = 

1305072 



Total 1 = 

6.31 E+07 mm 4 

Y = 

108 

mm 

Used 2x4 = 

38 mm x 89 mm 

; 2x6 = 

38 mm x 140 mm 



FIGURE P6-22M 

Units: 

mm 

NOTE: Reference axis is base of the shape 

Parí 

Area 

y 

Ay l c 

d 

Ad 4 l c + Ad 2 

1-Outside rect. 

32752 

89.0 

2.915E+06 8.648E+07 


0.000E+00 8.648E+07 

2-lnside rect. 

-15120 

89.0 

-1.346E+06 -2.470E+07 

0.00 

0.000E+00 -2.470E+07 

3- 

0 

0.0 

0.000E+00 O.OOOE+OO 

0.00 

0.000E+00 0.000E+00 

Total area = 

Y = 

17632 

89.00 

Sum Ay = 
mm 

1.569E+06 

Used 1x8 = 19 mm x 184 mm; 2x6 = 

Total 1 = 6.18E+07 mm 4 

38 mm x 140 mm 


Outside rectangle - inside rectangle 


FIGURE P6-23M 

Units: 

mm 

NOTE: Reference axis is base of the shape 


Part 

Area 

y 

Ay 

lc 

d 

Ad 4 

l c + Ad 2 

1-Outside rect. 

69784 

57.2 

3.992E+06 

7.611E+07 


0.000E+00 

7.611E+07 

2-lnside rect. 

-47526 

57.2 

-2.718E+06 

-3.137E+07 

0.00 

0.000E+00 

-3.137E+07 

3- 

0 

0.0 

0.000E+00 

0.000E+00 

0.00 

0.000E+00 

0.000E+00 

Total area = 

22258 

Sum Ay = 

1.273E+06 



Total 1 = 

4.47E+07 mm 4 

Y = 

57.20 

mm 

Used 2x4 = 38 mm x 89 mm; 1/2x24 = 

12.7 mm x610 mm 




Outside rectangle - Inside rectangle 



FIGURE P6-24M 

Units: 

mm 

NOTE: Reference axis is base of the shaoe 


Part 

Area 

y 

Ay 

lc 

d 

Ad 4 

Ic + Ad 5 

1-Verticals (2) 

21736 

143.0 

3.108E+06 

1.482E+Q8 

54.00 

6.338E+07 

2.115E+08 

2-Top flange 

10868 

305.0 

3.315E+06 

1.308E+06 

108.00 

1.268E+08 

1.281E+08 

3- 

0 

0.0 

0.000E+00 

0.000E+00 

0.00 

0.000E+00 

0.000E+00 


Total area = 32604 Sum Ay = 6.423E+Q6 Total I = 3.40E+08 mm' 

Y = 197,00 mm Used 2x12 = 38 mm x 286 mm 


FIGURE P6-25M Units: mm NOTE: Beam depth = 348 mm;Ref axis = centroid;186 mm from bot 


Part 

Area 

y 

Ay 

lc 

d 

Ad 4 

Ic + Ad 2 

1 -W360x64 

8130 

0.00 

0.00 

1.780E+08 

0.00 

0.00 

1.780E+08 

2-bot píate 

2400 

-186 

-446400 

2.880E+04 

186 

8.303E+07 

8.306E+07 

3-top píate 

2400 

186 

446400 

2.880E+04 

186 

8.303E+07 

8.306E+07 

Total area = 

Y = 

12930 

0.00 

Sum Ay = 
Inches 

0.00 



Total 1 = 

3.44E+08 mm 4 


FIGURE P6-26M 

Units: 

mm 

NOTE: Reference axis is base of the shaoe: Depth of S = 30.6 mm 

Part 

Area 

y 

Ay 

lc 

d 

Ad 4 | c + Ad 2 

1- S30ÓX74 

2- C300x37 

9420 

4740 

152.500 

297.730 

1.437E+06 

1.411E+06 

1.260E+08 

1.850E+06 

EmEl 

2.226E+07 1.483E+08 

4.425E+07 4.610E+07 

Total area = 

Y = 

14160 

201.12 

Sum Ay = 

mm 

2.848E+06 Total 1 = 1.94E+08 mm 4 

NOTE: Web for C is 9.83 mm thick; Y-Y axis down 17.1 mm from top 


NOTE: For Channel; y = 305+9.83-17.1 = 297.73 mm 




nmzmzwmm 

Uníts: 

mm 

NOTE: Reference axis is base of the shape; Deoth of S = 305 mm 

Part 

Area 

y 

Ay 

lo 

d 

ÁcP 

Ic + Ad 2 

1- 1305x23.80 Al 

2- 12x180 Píate 

7841 

2160 

152.5 

311.0 

1.196E+06 

6.718E+05 

1.320E+08 

2.592E+04 

34.233 

124.267 

9.189E+Q6 

3.336E+07 

1.412E+08 

3.338E+07 

Total area = 

Y = 

10001 

186.73 

Sum Ay = 
mm 

1.868E+06 



Total 1 = 

1.75E+08 mrn 4 


FIGURE P6-28M 

Units: 

mm 

NOTE: Channel depth=305 mm;Ref axis = centroide64.5 mm from bot 

Part 

Area 

y 

Ay 


d 

Ad 2 l c + Ad 2 

1-0305x12.31 (2) 


0.00 

0.00 

1.330E+08 

0.00 

0.00 1.330E+08 

2-bot píate 

3000 

-158.5 

-475500 

3.600E+04 

158.5 

7.537E+07 7.540E+07 

3-top píate 

3000 

158.5 

475500 

3.600E+04 

158.5 

7.537E+07 7.540E+07 

Total area = 

15080 

Sum Ay = 

0.00 



Total 1= 2.84E+08 mm 4 

Y = 

0.00 

Inches 

NOTE: Top and Bottom plates are 12 mm x 250 mm 

Figure P6-29M 

Units: 

mm 

NOTE: Reference axis = centroid = 

87 mm from bottom 

Part 

Area 

y 

Ay 

le 

d 

Ad 2 | 0 + Ad 2 

1 Veri píate 


0.0 

0.00 

3.375E+06 

0.0 

0.000E+00 3.375E+06 

2-Bot angles (2) 

1768 

-58.9 

-104135 

3.960E+05 

58.9 

6.134E+06 6.530E+06 

3-Top angles (2) 

1768 

58.9 

104135 

3.960E+05 

58.9 

6.134E+06 6.530E+06 

4-Top píate 

1320 

81.0 

106920 

1.584E+04 

81.0 

8.661 E+06 8.676E+06 

5-Bot píate 


-81.0 

-106920 

1.584E+04 

81.0 

8.661 E+06 8.676E+06 

Total area = 

7976 

Sum Ay = 

0.00 



Total 1 = 3.38E+07 mm 4 

Y = 

0.00 

mm 

NOTE: For Angle; y = 87 - 

12-16.1 

= 58.9 mm from centroid 

FIGURE P6-30M 

Units: 

mm 

NOTE: Overall depth = 150 mm; Ref axis=centroid: 75 mm from bot 

Part 

Area 

y 

Ay 

lo 

d 

Ad 2 | c + Ad 2 

1-Vert piales (2) 


0.00 

0.00 

3.375E+06 

0.000 

0.00 3.375E+06 

2-bot channel 

1140 

-63.4 

-72276 

1.250E+05 

63.4 

4.582E+06 4.707E+06 

3-top channel 

1140 

63.4 

72276 

1.250E+05 

63.4 

4.582E+06 4.707E+06 

Total area = 

5880 

Sum Ay = 

0.00 



Total i = 1.28E+07 mm 4 

Y = 

0.00 

mm 






FIGURE P6-31M 

Units: mm 

NOTE: Ref axis=centroid; 75 mm from center of either oioe 

Part 

Area 

y 

Ay 

lo 

d 

Ad 2 

Ic + Ad 2 

1-Vert píate 

1220.88 


0.000 

1.053E+06 


0.000E+00 

1.053E+06 

2-bot pipe 

515.80 

-75.00 

-38685 

1.290E+05 

75.00 

2.901 E+06 

3.030E+06 

3-top pipe 

515.80 

75.00 

38685 

1.290E+05 

75.00 

2.901 E+06 

3.030E+06 

Total area = 
Y = 

2252.48 Sum Ay = 

0.00 mm 

0.000 

NOTE: Web length: 150 mm 

- pipe OD 

Total 1 = 
= 150 mm - 

7.11 E+06 mm 4 
48.26 = 101.74 mm 

FIGURE P6-32M 

Units: mm 

NOTE: Reference axis=centroid= 300 mm from CL of pipes 

Part 

Area 

y 

Ay 


d 

Ád 2 

Züül 

1-Top pipes (2) 

2876 

300 

8.628E+05 

2.520E+06 

300 

2.588E+08 

2.614E+08 

2-Bot pipes (2) 

2876 

-300 

-8.628E+05 

2.520E+06 

300 

2.588E+08 

2.614E+08 

Total area = 

Y = 

5752 

0.00 

Sum Ay = 

mm 

0.0000 



Total 1 = 

5.23E+08 mm 4 























nmmamm 

Units: mm 

NOTE: Ref axis at base of shape; Overall heiaht = 

120 mm 

Part 

Area 

y 

Ay 

le 

d 

Acr 

lo + Ad z 

1-Base píate 


3.0 

4500 

4.500E+03 

65.071 

6.351 E+06 

6.356E+06 

2-Angles (2) 

2180 

37.0 

80660 

2.280E+06 

31.071 

2.105E+06 

4.385E+06 

3-top píate 

3600 

114.0 

410400 

4.320E+04 

45.929 

7.594E+06 

7.637E+06 

Total area = 

7280 

Sum Ay = 

495560 



Total 1 = 

= 1.84E-S-07 mm 4 

Y = 

68.071 

mm 







FIGURE P6-34M 

Units: mm 

NOTE: Reference axis = centroid = 

76 mm from bottom 

Part 

Area 

y 

Ay 

l c d 

Ad 4 

í¡ + Ad 2 

1-Channel 

2470 

0.00 

0.00 

7.200E+06 0.00 

0.00 

7.200E+06 

2-Channel 


0.00 

0.00 

7.200E+06 0.00 

0.00 

7.200E+06 

Total area = 

4940 

Sum Ay = 

0.00 


Total 1 = 

1.44E+07 mir? 

Y = 

0.00 

mm 

NOTE: Depth of channel = 152 mm 




FIGURE P6-35M 

Units: 

mm 

NOTE: Ref axis at base of shape 



Part 

Area 

y 

Ay 

lo 

d 

Ad ¿ 

Ic + Ad 2 

1-Angles (2) 

1218 

14.9 

18148 

2.880E+05 

50.491 

3.105E+06 

3.393E+06 

2-Bot channel 


12.1 

20570 

2.600E+05 

53.291 

4.828E+06 

5.088E+06 

3-Vert webs (2) 


75.0 

225000 

5.625E+06 

9.609 

2.770E+05 

5.902E+06 

4-Top channel 


137.9 

234430 

2.600E+05 

72.509 

8.938E+06 

9.198E+06 

Total area = 

Y = 

7618 

65.391 

Sum Ay = 
mm 

498148 



Total 1 = 

2.36E+07 mm 4 


FIGURE P6-36M 

Units: 

mm 

NOTE: Reference axis is bases of shape: Overall heiaht = 152 mm 

Part 

Area 

y 

Ay 

lo 

d 

Ad 2 "l c + Ad 2 

KiSiM 

2860 

1218 

76.000 

21.500 

217360 

26187 

1.210E+07 

2.880E+05 

16.278 

38.222 

7.578E+05 1.286E+07 

1.779E+06 2.067E+06 

Total area = 

Y = 

4078 

59.722 

Sum Ay = 

mm 

243547 Total 1 s 1.49E-HJ7 mm 4 

NOTE: y for angles = 14.9 + 6.60 = 21.50 mm; t, = 6.60 mm 

FIGURE P6-37M 

Units: 

mm 

NOTE: Reference axis is bases of shape 

Part 

Area 

y 

Ay 

le 

d 

Ad 2 [¡ + Ad 2 

1- Bottube 

2- Top tube 

1570 

1570 

51.00 

127.50 

80070 

200175 

1.870E+06 

6.160E+05 

38.25 

38.25 

2.297E+06 4.167E+06 

2.297E+06 2.913E+06 

Total area = 

Y = 

3140 

89.25 

Sum Ay = 
mm 

280245 



Total 1 3 7.08E-Í-06 mm 4 


FIGURE P6-38M 

Units: 

mm 

NOTE: Ref axis at base of shape 



Part 

Area 

y 

Ay 

lc 

d 

"Ad 2 

l c + Ad 2 “ 

1-Outside tube 

6280 

76.00 

477280 

2.010E+07 

1.269 

1.011E+04 

2.011E+07 

2-Bot inner tube 

1570 

37.30 

58561 

6.160E+05 

37.431 

2.200E+06 

2.816E+06 

3-Top inner tube 

1271 

114.70 

145784 

4.620E+05 

39.969 

2.030E+06 

2.492E+06 

Total area = 

9121 

Sum Ay = 

681625 



Total 1 = 

2.542E+07 mm 4 

Y = 

74.731 

mm 

NOTE: Use design wall thickness for HSS 152x152x12.7; t* = 11.8 mm 

FIGURE P6-39M 

Units: 

mm 

NOTE: Ref axis at base of shape 



Part 

Area 

y 

Ay 

lc 

d 

~mT 

l c + Ad 2 

1-Bot channel 


11.60 

11832.0 

1.300E+05 

73.559 

5.519E+06 

5.649E+06 

2-152x51x6.4 

2170 

80.67 

175053.9 

5.450E+06 

4.489 

4.374E+04 

5.494E+06 

3-Toop channel 

1020 

168.27 

171635.4 

1.300E+05 

83.111 

7.046E+06 

7.176E+06 

Total area = 

4210 

Sum Ay = 

358521.300 



Total 1 = 

1.83E+07 mm 4 

Y = 

85.16 

mm 























UMIkM&SMAa 

Units: mm 

NOTE: Reference axis ¡s bases of shape 


Parí 

Area 

y 

Ay 


d 

Ad 4 

lo+ Ad 2 

1- Bot channel 

2 - Top l-beam 

1214 

1114 

18.500 

35.800 

22459 

39881 

4.080E+05 

2.830E+05 

8.278 

9.022 

8.320E-1-04 

9.067E+04 

4.912E+05 

3.737E+05 

Total area = 

Y = 

2328 

26.78 

Sum Ay = 

mm 

62340 



Total 1 = 

8.65E-Í-0S mm 4 


FIGURE P6-41IVI 

Units: 

mm 

NOTE: Reference axis is bases of shape 


Part 

Area 

y 

Ay 

1 = 

d 

Ad 4 

l 0 + Ad 2 

1- W310x44.5 

2- 0150x19.3 

5670 

2470 

156.000 

325.100 

884520 

802997 

9.910E+07 

4.370E+05 

51.312 

117.788 

1.493E+07 

3.427E+07 

1.140E+08 

3.471 E+07 

Total area = 

Y = 

8140 

207.31 

Sum Ay = 
mm 

1687517 

NOTE: depth of W-beam = 

312 mm 

Total 1 = 

1.49E+08 mm 4 


FIGURE P6-42M 

Units: 

mm 

NOTE: Ref axis=centroíd of W-shape 



Part 

Area 

y 

Ay 

le 

d 

Ad 4 

Ic + Ad 2 

1-W100x19.3 

2470 


0 

4.700E+06 

0.0 

0.000E+00 

4.700E+06 

2 -bot tube 

1570 

-78.5 

-123245 

6.160E+05 

78.5 

9.675E+06 

1.029E+07 

3-top tube 

1570 

78.5 

123245 

6.160E+05 

78.5 

9.675E+06 

1.029E+07 

Total area = 

Y = 

5610 

0.00 

Sum Ay = 
mm 

0.000 

NOTE: depth of W-beam = 

106 mm 

Total 1 = 

2.53E+07 mm 4 


FIGURE P6-43M 

Units: 

mm 

NOTE: Ref axis is bottom of shape 



Part 

Area 

y 

Ay 

le 

d 

Ad 4 

l c + Ad 2 

1-W310x44.5 

5670 

156 

884520 

9.910E+07 

51.931 

1.529E+07 

1.144E+08 

2-L4x3x1/4 

1090 

343 

373870 

1.140E+06 

135.069 

1.989E+07 

2.103E+07 

3-L4X3X1/4 

1090 

343 

373870 

1.140E+06 

135.069 

1.989E+07 

2.103E+07 


Total area= 7850 SumAy= 1632260 Total I - 1.56E-5-08 mm 4 

Y= 207.93 mm NOTE: depth ofW-beam = 312 mm 


FIGURE P8-44M _Units: mm NOTE: Ref axis=eentroid of tube 


Part 

Area 

y 

Ay 

le 

d 

Ad 4 

Ic + Ad 2 

1-152x51x6.4 

2170 

0,000 

0.000 

5.450E+06 

0.000 

0.000E+00 

5.450E+06 

2 -bot píate 

600 

-82 

-49200 

7.200E+03 

82 

4.034E+06 

4.042E+06 

3-top píate 

600 

82 

49200 

7.200E+03 

82 

4.034E+06 

4.042E+06 

Total area = 

Y = 

3370 

0.00 

Sum Ay = 
mm 

0.000 

Note: Plates are 12 mm x 50 mm 

Total 1 = 

1.3SE+07 mm 4 


FIGURE P6-45M 

Units: 

mm 

NOTE: Ref axis is bottom of shape 



Part 

Area 

y 

Ay 

lo 

d 

Ad 4 

le + Ad 2 

1-C203x6.17 

2275 

101.5 

230912.5 

1.560E+07 

25.967 

1.534E+06 

1.713E+07 

2-0203x6.17 

2275 

101.5 

230912.5 

1.560E+07 

25.967 

1.534E+06 

1.713E+07 

3-0203x6.17-Top 

2275 

179.4 

408135.0 

1.350E+06 

51.933 

6.136E+06 

7.486E+06 

Total area = 

Y = 

6825 

127.47 

Sum Ay = 
mm 

869960.0 



Total 1 = 

4.18E+07 rrirri 4 


FIGURE P6-46M 

Units: 

mm 

NOTE: Ref axis at base of shape 



Part 

Area 

y 

Ay 

lo 

d 

Ad 4 

" Ic + Ad 2 ” 

1-12x450 píate 

5400 

6.0 

32400 

6.480E+04 

48.221 

1.256E+07 

1.262E+07 

2-20x250 píate 

5000 

137.0 

685000 

2.604E+07 

82.779 

3.426E+07 

6.030E+07 

3-L203X102x12.7 

3740 

33.7 

126038 

2.810E+06 

20.521 

1.575E+06 

4.385E+06 

4-L203X102x12.7 


33.7 

126038 

2.810E+06 

20.521 

1.575E+06 

4.385E+06 

Total area = 

Y = 

17880 

54.22 

Sum Ay = 
mm 

969476 



Total 1 = 

8.17E+07 mm 4 

























CHAPTER 7 Stress Due to Bending 


ñÁ/ALYf/S O f B£#D/Al4 STHeZfeS, 

•— l í. ^ h*/£ —¿í'eáS/t'w) f/S^)/é 7&&i /tn te?) /6 l M*f ~ <jUypAf x 

r “ (3o) 9 //X = ¿7«y&0 AVUfi$ *** 

IdL r-noV*? » TTÍZóf/íy - 7ssy^J 

<^~ JtfA— « 0<A(>M<a*1 ( /¿/m/ml , ta. /J;?, 

-£• 7&$y m'wY /rn —.— ■——- 

.7 ~3 6*7 IT- a 4 3 /k « o>is~ 0 , 2 //JiJ 

^U ~» É*£°é_éM¿£¿L- ¿lo éfrjU 

x o,.u/¿y 

fe) X- hsCOtlsY//} * 0,t>£J7¿Jf 

CT~ (ssooji¿*)(ó.37rA¿ a V/MOflA 
C. os¿ 1 ---— 

M -í • AsY«sJ> - Wá^j «54 . 

j.. = f/SSi>óM¿.)l'j.i¿s)¿.-. »a<*¿ 

•7 V7» ¿ 3 /£*y 


7 -<5' 


Ai j 5=/?/ ¿7 




1-7 


Ai ~ boK>ft J S ® #;/ A 3 

_ -tí- - £o oooJí ji) lí^ 
° S~ 3/J ^ (t 


~ ¿8 5 oo 



Atyr ^. ¿ 9*J.33/j x 3 - /,óXw*\ C c => ó .?3 m } C b * /#?,» 

!S w tJfzüArn/K &e//!>///<}. 

TU tí Site -TOP 

MCA JlocoM’^ío-yát-i - é&BZ<a¿ 

Cí>AlA - eoTTOAl 

cfr ^ 9QoAy»)ChVtM. g ~7J <H¿> ¿a<i¿ 

3T /, oí- á*»^ 


7-a 



V55Q4' A .. r y 3 96o ^ 
óAl.btr? - 




n-<\ 


7-76 


-y/gooMoH K 3.8S/ il'¿./ m<a* ~-Á.lBxib$»> 
X- 7¡8,yxJ jfisysc, so />*v 

■— s fe r 593 W jh?u¿] 

¿¿.él ¿s % X Ab39x/ó V ^y¿J a 3,J/C,to S ’ /in ^i 
¿r- 7Ü> &3ia.^A> ?») /A 


f/n»AH 


•3.V>bXso S 




~ //é MPa, 
f/é SOOguii ) 


14 


J - áO£ 7 - £C¿4?^3o<wzJ 

/J, /t 

&~*d£. ^ é&SÉiMJúé^j UiÁ 

X 3©?^ 

^ /3 %3/m 

Drs/6A/ o r- ihfnMS. 


II fH 

/V- 


a 


— ■] 


7 

_1 


>/¿ . cr^ mc/t e w/s ¿ s- TroYsx ¿ D-fas/r 

3 

/9¿O m *n 

?pBaaa -- i- ?, ;. - i vr.ía,^ . . . s a , V ]^ . OT ||| _ ||T ■ . .-r'r.-.iaw " I IJ -^ 

J)« ]/32 C mOtn»¿)/¿r m ctt» f/to/n 

s =• y sVc * ¿ oio>& * * /.j~í 3 


£e<p'o vS 1 - _/£_ i ¿VOrt'fl* r '/{&»«*. 

Sj /s** 


7-/3 


y “ /3/¿T s fií3é íW/mÍ^'S’ /4i//7í|/WÍ 

ül- /K5V/'^__ ., IéÍzXUz ¿¿3 ¿ 

Sí “ £$/O/stn***- 


&%Q0 S 

i> ° /«?»/ /W/?n j 1 b - x 5C,3 /Tfi/f* 


¿b~ Y s /£3,S***n ,4r Z2S~ÁSA£^ 73,S^n^ 

<S„,= ¿L&-»-á? SSZE^lÜ&ZszsL* K.á«fa 


¥é,VX/6 ¿ „*r~* /*» 


FoO- 4-xsr /o 20 M/z 9 s^=í 33 / flft* 

<& **• ~ * (>x /¿. ~ f 65;tifa» S/AfC6 '*> 4/.» ¿?/e 


7 X =• J, é¿ x/i X /*yi/*/ j (jfr ~ y - 3S‘,0 A */*t 

(T- -ZÍJlL.- $?Sy>sn.){ 3S. o *«+>) * /o^s* 3 36,Z/Vf*~ 

¿err<T=¿Q - S^/ 3 

(Z&Q'D - £>S? £¿26.1 rtfb) s ¿? %) MP&, 

¿8VLÚ vse .606/ -7é> s«.= 3/0 Alfil* j/7 eiw«fl770*s 




a -i» 




/i&q'p s-~ - 

<rj ft>w>ÚL/i2y 

QSe !z/y Scf¡ -Ho P ivs, ~0ib3u&£jL 


T 3 


\i,n 


817 


S^- ^Í^é -MtU 


<T~j ¿o m& 


P 


use-a 


WA/>*é6 - 9 6-H9 




V,rl 


&d& J* 107,2 C- ¥.SO*/i-- 3.3Lff^ 

<T = jfljgL- faooa& lJdCJ JStÜÜ'l*) 

* fyí7 ) ¿X) J¡tT~ 

<r~ SWduX 

Fíoai. tA^ÍC A-i7jfVN\nU>Ax /Juou/Mlg 
IWwM STtefí a -pfc; 


(*) 



8'M X- 3o Cl>y^ - ^ OvC2?//x] * 

^ */w.A * 2ft» ¿L ¿t (t.S0M») llX 
■X V8.83mJ 

gTjL&gSte* 

rofi. /Mf’/ICT,* 

/ffú>ü /£¿?z? .£*= /2 ¿r = T¿(Bel) = /OéZO fS¡ 
FO /? toé/- TV Xei* 3SOCO fS/ -PAC 


¥$.63^ 

Htsíl, |36»flt. 

L&¿_J—fi$x_! 

' r*»** 



&~20 


X- 3 /,í6K/6^n^j -3/, 8 *r*r«x j C#* ¥S-¿I.» ‘ 


VAX STlL&SS- AT TOP 

(f í jj fi» _ (3/8 /¿) 3 /w/w 

^ /W 


" H7<w<o fa**) 


^e^’o S y s ¿(T= aC3^7/lJ^)~ 93. ¥ MO/u 

V-/y^?F¿u 


a **Z-/ 1 ~ / v x/o ^ j b y-s/j/jf/w/w 

íf— A? £ « ÚlS~■fi****l1 /^ J(¡ íi«/m j- /fg? 

s*\f*nS yUn 

£«?’D Sy-¿<r = ¿gV /Wfc, -¿óW-t? 


7-2£ 


(*> 


Cb) 




Al H2S0rt>'n 

(fd (ÍO fj/trift*!' 


A? 

y /y /^/»H 

sn% 


Bovfj Q .' 5 “ 77D 3 / 3 2- 
Pa^32f0./V/'</>*)/y-g /Affw 

111 ?^ 
iy —-•- -•>- 

S<?VA£ff { vJ*■ ¿ J /é 



A * b x » 

fc) Recr.J K = qb j * Ü¿. 0f>% 

fe fe —— s» 

¿ - ^S/b ' WcO‘M Kñ^/e ” 37,f/>n^v 

IvV yb= ATO ftn<*n 

¿Av~ <5'6(ir/iv)/tn*’ 

c=o J $y/x/o s'/m/t*' 1 

5 l$Q X25/7., 5 a - 

rSáfi/7-ZZl 4 S 52 60^¡^ ____ 

U<5^rB5T 


7-23 


ryp. 





•7.f 








X-zH 


a~f » Sy/tj - y fo Db0 p f ;/q c y, $0Of>s/ 

Al = tySCCLty/V/*} « ¿ 724Í ¿í 'M 
^eo'o. 5 c ^^ Le ‘'"Vi/t roa im//n % ) 3 S¡89/« 3 

¿tfff EJJTteU 6*9* /y &A 6 *¿* '/¥ : £Acrí wvií/fs /s.b L&/rr 


1-ZS 


l-¿<* 


-i-n. 

n-Z-8 


1 -19 


l-3o 


Ls~r <T d ^ s v/y * YooooFs/y^ » ¡coootps/ 
tob. Jar ¿7Z *<y, n ^ - ¿-7Z /s/ 3 z> ¿ I* *£3o 

Oj = -5y/V = 5'D C>£>0 PSi/tj - /¿\'*DO PS¡ 

Petb. s = / /¿£ - (p72oo A^faj - y-U/S = » tv¿ vo 

Od = - ¿’éooo Pi//y - 9¿>00 PSf 

> j /Gj~5> - 7.97 jaj 1 (=ori y-AXJS ; A'o Su/r/tBier CHA^/sei. 

Sy Acai -77hr*J Cedo. S= 7.97 ** V/5e¡*7-27) I e-MScHVo PjPs 

ñ ^S,P8 )/n k ~ HeAvusn, DlftfY ornen. S’nm DeSfC>/v 5 

0¿rS/6/o fóoBt^nf - AfVLTiPíe Ssl uvt/vs Pfissj£¿s~ - u/r 9-Wo Le /pr 

f O A. muM ¿X A y» O3o, VSe A<-ya íoiy-Tb .Sy - é&/cs/ 
aKmpw/ 5 tfse Of 5I^Í.7oo. 


FRx>M F/6 P (r/í ’j j-0,3sn /A> r ; c b - /.OÍS/M.J C t =/,3Iz sa, 


-v»/* - jr 

0“s jW_ _ 


/.33Z/» 
}¡7l& ■ t=r tx/n 


S139PS/ 


0,268m* rr 

PfOV <% - Y¿~2 Zo 9íoP>¡ 

SeytÑAt. fbss/sie Cth/ces \Aft.A- 
EM/iPie t /V y¿o//-- Poly&itsá. m 

Hj 6# PtiPilWS óF€tASnt/ry (te-Ff^ 

$oofi euetTKMt ñtorertr/es CMece l'-i a - ) 

ñvsr C/fettt hxr*MS>/}¿/L/ry. 



1 -2¿ 


1-3Z 


%* = wF •/M (see r/üé pS’-3 L ¡) 


._ P\. 


¿2¿ZZ2- r /i06COr«r^x éntZA/j^ 


Saq.Uí? 


M 

Ai'P 

ose U/4)*/z. , J 




y«*v 


Sin/v* 9 

\A)Z&OWA 

C --Í /'-><s v /„ ?' A. 3 


/vfoAi fleo*. ps*3g t /tXgffr* 

« Sm /8 * ¿MflteJ/e * S/pJPeu 
5- — - JALítZL k 31Í{sl^ _ 

0 Íf fj/s.w.p’ /H» 

O - ’y ííS/tf ™ As,y 



7-33 Specify the lightesí wide-flange beam. ASTM A992 structural Steel. Sy = 50 ksi 
Design stress: a d = 0.66 s y - (0.66)(50 000 psi) = 33 000 psi 
From Figure P5-3: M max * (45.7 K-fí)(1000 lb/K)(12 in/ft) - 548 400 Ib-in 
Required section modulus: S = M/a d ~ (548 400 lb-in)/(33 000 lb/in 2 ) - 16.6 in 3 
Specify: W12x16 Steel beam from Appendix A-7(US); S = 17.1 in 3 

7-34 Specify the lightest wide-flange beam. ASTM A992 structural Steel. Sy = 345 MPa 
Design stress: a a ~ 0.66 s y = (0.66)(345 MPa) = 227.7 MPa = 227.7 N/mm 2 
From Figure P5-7: M max = (71.5 kN-m)(1000 N/kN)(100Q mm/m) = 71.5x10® N-mm 
Required section modulus: S = M/a d ~ (71.5x10® N-mm)/(22.7.7 N/mm 2 ) = 3.14x10® mm 3 
Specify: V\/360x39 Steel beam from Appendix A-7(SI); US designation: W14x26 
S= 5.79x10® mm 3 


Probjems 7-3S to 7-42 are similar to 7-33 and 7-34 above wiíh the same design stress. Máximum 
bending moment varíes with the beam loading shown in the indicated figures from Chapter 5. 

Erobjems 7-43 to 7-S2 use the same set of beam loadings as_7-33 and 7-34 buí the objective is 
to specify the lightest American Standard S-beam. The required section modulus ís the same. 


Probiems 7-S3 4o 7-62 use the same set of beam loadings as.7-33 and 7-42 but the material is 
ASTM A572 Grade 60 with s y = 60 ksi (414 MPa). Then, 



7-33 

P5-3 

45.7 K-ft 

7-34 

P5-7 

71.5 kN-m 

7-35 

P5-8 

43.2 kN-m 

7-36 

P5-11 

60.0 K-ft 

7-37 

P5-16 

170 kN-m 

7-38 

P5-36 

10.0 K-ft 

7-39 

P5-40 

40.0 K-ft 

7-40 

P5-52 

148 K-ft 

7-41 

P5-63 

1450 N-m 

7-42 

P5-64 

30.0 K-ft 


Req'd. 

S 


1 6.6 in 3 
3.14 x10® mm 3 
1.89x10® mm 3 

21.8 in 3 
7.47x10® mm 3 

3.64 in 3 
14.5 in 3 

53.8 in 3 
6.37x10 3 mm 3 

10.9 in 3 


Lightest 

W-beam 


W12x16 
W36ÜX39 
W310x23.8 
W14X26 
W460x60 
W8x10 
W12x16 
W18x40 
W200x 15 
W10x12 


Prob. 

Lightest 

No. 

S-beam 

7-43 

810x25.4 

7-44 

8250x37.8 

7-45 

S200x27.4 

7-46 

310x25.4 

7-47 

S380x64 

7-48 

S5x10 

7-49 

S8x23 

7-50 

SI 5x42.9 

7-51 

880x8.5 

7-52 

88x18.4 


13.8^in 3 
2 .62x 10® mm 3 
1.58x10® mm 3 
18 .2 in 3 
6.23x10® mm 3 
3.03 in 3 
12.1 in 3 
44.8 in 3 
5.31x10 3 mm 3 
9.08 in 3 


lht( 

be 


W12x16 
W310x23.8 
W250 x17.9 
W8x2Í 
W310x44^5 
W8x10 
W12x16 
W18x40 
W200X15 
VVIOx-12 
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CHAPTER 9 Deflection of Beams 
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0-47 


The objective is to comeare the resulta nf the beam loading and support conditions for (¡ve 
difíereni beams in problems 9-22, 9-28,9-30, 9-32, and 9-34, Deíails were 
reponed earüer ¡n this Solutions manual for each problem. Note that each beam design 
has a total length of 14.0 ft and carnes a uniformly distributed load of 400 lb/ft 
resutting in a total load of 5600 Ib. Changing the manner of support or adding additional 
supports affects the shearing forcé, V, the bending moment, M, and the máximum 
deflection, y, for a given El valué for the beam material and shape. Vertical shear stress 
and bending stress are directly propostional to the valúes of V and M respectively. 
Therefore, a reduction in either valué will result in a reduction in stress or will allow the 
use of a smaller or líghter section for the beam. Comparisons are shown as ratios of V, M, 
and y/El to those valúes for the first design, a supported cantilever. The other designs are 
a fixed-end beam and continuous beams on 3, 4, and 5 supports. 


Prob. 

Vmax 

V/Vi 

Mmax 

M/Mi 

Ymax 

y/yr 

9-22 

3500 Ib 

1.00 

9800 Ib in 

1.00 

-83061/El 

1.00 

9-28 

2800 Ib 

0.80 

6533 ib in 

0.667 

•40017/El 

0.482 

9-30 

1750 Ib 

0.50 

2450 Ib in 

0.250 

-5191/El 

0.0625 

9-32 

1120 Ib 

0.32 

871 Ib in 

0.089 

N/A 

O 

9-34 

850 Ib 

0.24 

525 Ib in 

0.054 

N/A 

- 


Note that máximum shearing forcé, bending moment, and deflection all decrease for 
successive designs. Deflection formulas are not available (N/A) in this book for the last 
two designs. But it stands to reason that deflection would be reduced by adding additional 
supports and reducing the span between adjacent supports. The comparison (ilústrales the 
advantages of using fixed ends for beams and of using more supports for a given load, thus 
reducing the effective span between adjacent supports. Fabrication problems and costs 
must also be considered when selecting a method of supporting a load on a beam. 
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This problem has the same objective as 9-47. Refer to that problem for a discussion of 
the objectives and the results. Data iisted here are for different beam loadlngs (w ~ 50 
Ib/in; total beam length = 16.0 in) but the support conditions are the same as in 9-47» 


Problem 

Vmax 

V/Vi 

Mmax 

M/Mi 

ymax 

y/y 1 

9-23 

500 

Ib 

1.00 

1600 Ib in 

1.00 

-17712/E i 

1.00 

9-29 

400 

Ib 

0.80 

1067 Ib in 

0.667 

-8533/El 

0.482 

9-31 

250 

ib 

0.50 

400 Ib in 

0.250 

-1107/El 

0.0625 

9-33 

160 

Ib 

0.32 

142 Ib in 

0.089 

N/A 

- 

9-35 

121 

ib 

0.24 

86 Ib in 

0.054 

N/A 

- 
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similar forms as described below. 

A. Problema 10-58 to 10-S9: The x-axis on the Mohr’s circle lies 


Problema 10-60 to 10-83: The x~axis on íhe IVIohr’s circle lies in íhe second quadrant 

Probtems 10-64 to 10-67: The x-axis on the IVIohr’s circle lies in the third quadranl 

Problema 10-68t© 10-71: The x-axis on the Mohr’s circle lies in the fmirth quadrant. 

Problema 10-72 to 10-79: The x-axis on the Mohr’s circle could lie in the any quadrant 

Problema 10-80 to 10-83: The x-axis on the Mohr’s circle lies aiong the original X-axis 
and the principal atrasaos are the same as the normal simases on the given eiement 

B. ProbSerns 10-84 to 10-96: The Mohr’s circle from the given data resulta in both principé 
simases having the same sign. For this class of problems, the supplementary circle is 
drawn using the procedures discussed in Section 10-11 of the text. The results inelude thr 
principal stresses where oí > 02 > a 3 . Álso, the máximum shear stress is found from the 
radius of the circle containing en and a 3 and is equal to cn /2 or 03 / 2 whichever has the 
greatesí magnitud©. Angles of rotation of the resulíing elementa are not requested. 

C. Problems 10-96 to 10-106: The Mohr’s circles from earlier problems are used to find the 
stress condition on the eiement sisóme specified angi® of rotation. The Usted results 
inelude íhe íwo normal stresses and the shear stress on the specified eiement. 

Combined Uniaxial Normal and Shear Stresses 

Problems 10-186 i© 10-109: These use the same data as Problems 10-72 to 10-75 
and each has a given uniaxial normal stress, o x , and a shear stress, t xy . For this specíal 
case, Equation 10-2 can be used to compute the máximum shear stress directly. The solution 
method is similar to that used in Problems 10-21 to 10-28. 

^max “ 4 (ü x /2) 2 + T xy 2 


(Equation 10-2) 








CHAPTER 10 - PROBLEMS 10-86 TO 10-83 


r i ww • 

No. 

v i 

»2 

<deg> 

'rnax 

w av9 

<deg) 

10-86 

313.4 MPa 

-115.4 MPa 

10.9 

cw 

215.4 MPa 

100.0 MPa 

34.1 ccw 

10-B? 

255.2 MPa 

-55.2 MPa 

7.5 

ew 

155.2 MPa 

100.0 MPa 

37.5 ccw 

10-58 

110.0 MPa 

-40.0 MPa 

26.4 

cu 

75.0 MPa 

35.0 MPa 

18.4 ccw 

10-SS 

202.1 MPa 

-42.1 MPa 

27.5 

cw 

122.1 MPa 

80.0 MPa 

17.5 ccw 

10-60 

23.5 ksi 

-8.5 ksi 

19.3 

ccw 

16.0 ksi 

7.5 ksi 

64.3 ccw 

10-61 

42.8 ksi 

-29.8 ksi 

14.9 

ccw 

36.3 ksi 

6.5 ksi 

59.9 ccw 

10-62 

79.7 ksi 

-9.7 ksi 

31.7 

ccw 

44.7 Ksi 

35.0 ksi 

74.7 ccw 

10-63 

34.4 ksi 

-54.6 Ksi 

13.0 

ccw 

45.4 ksi 

-9.0 ksi 

58.0 ccw 

10-84 

477.6 kPa 

-977.4 kPa 

77.5 

ccw 

827.4 kPa 

-150,0 kPa 

57.5 cw 

10-68 

137.8 kPa 

-587.8 kPa 

84.0 

ccw 

362.8 KPa 

-225.0 kPa 

51.0 cw 

10-66 

327.0 kPa 

-1202.0 KPa 

40.9 

ccw 

744.5 KPa 

-437.5 kPa 

74.1 cw 

10-87 

79.9 kPa 

-354.9 KPa 

74.8 

ccw 

217.4 KPa 

-137.5 kPa 

40.2 cw 

10-88 

570.0 psi 

-2070.0 psi 

71.3 

cw 

1320.0 psi 

—750.0 psi 

26.3 cw 

10-69 

1674.1 psi 

-4676.1 psi 

81.7 

CU) 

4176.1 psi 

-2500.0 psi 

36.7 cw 

10-70 

4180.0 psi 

-5180.0 psi 

71.4 

cw 

4480.0 psi 

-500.0 psi 

26.6 cw 

10-71 

8400.7 psi 

-150.7 psi 

89.5 

cw 

4375.7 psi 

4225.0 psi 

44.5 cw 

10-72 

340.2 MPa 

-100.2 MPa 

27.8 

ccw 

230.2 MPa 

130.0 MPa 

72.8 ccw 

10-73 

1927.1 kPa 

-377.1 kPa 

24.4 

cw 

1102.1 KPa 

725.0 kPa 

20.6 ccw 

10-74 

23.9 ksi 

-1.9 ksi 

15.9 

cw 

12.9 ksi 

11.0 ksi 

29.1 ccw 

10-75 

7971.2 psi 

-1221.2 psi 

21.4 

ccw 

4596.2 psi 

3375.0 psi 

66.4 ccw 

10-78 

4.4 ksi 

-32.4 ksi 

20.3 

cw 

18.4 Ksi 

-14.0 ksi 

24.7 ccw 

10-77 

527.4 MPa 

-87.4 MPa 

67.8 

cw 

307.6 MPa 

220.0 MPa 

22.8 cw 

10-78 

321.0 MPa 

-61.0 MPa 

66.4 

ccw 

191.0 HPa 

130.0 MPa 

68.6 cw 

10-79 

344.5 kPa 

-1904.5 KPa 

23.0 

ccw 

1124.5 kPa 

-780.0 kPa 

68.0 ccw 

10-flG 

225.0 MPa 

-85.0 MPa 

0.0 


155.0 MPa 

70.0 MPa 

45.0 ccw 

10-81 

6250.0 psi 

-875.0 psi 

0.0 


3562.5 psi 

2687.5 psi 

45.0 eew 

10-82 

775.0 kPa 

-145.0 kPa 

0.0 


460.0 kPa 

315.0 KPa 

45.0 ccw 

10-83 

38.6 Ksi 

-13.4 ksi 

0.0 


24.0 ksi 

12.6 ksi 

45.0 ccw 
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Prob. Oj 0 2 <Jg *max 

No. 


10-84 

328.1 

MPa 

71.9 

MPa 

0 

.0 

MPa 

164 

.0 

MPa 

10-05 

264.0 

MPa 

136.0 

MPa 

0 

.0 

MPa 

132 

.0 

MPa 

10-86 

214.5 

MPa 

75.5 

MPa 

0 

.0 

MPa 

107 

.2 

MPa 

10-87 

161.1 

MPa 

68.9 

MPa 

0 

.0 

MPa 

80 

.5 

MPa 

10-88 

35.0 

«si 

10.0 

ksi 

0 

.0 

ksi 

17 

.5 

ksi 

10-89 

41.8 

ksi 

21.2 

ksi 

0 

.0 

ksi 

20 

.9 

ksi 

10-90 

55.6 

ksi 

14.4 

ksi 

0 

.0 

ksi 

27 

.8 

ksi 

10-91 

62.9 

ksi 

19.1 

ksi 

0. 

0 

ksi 

31. 

5 

Ksi 

10-92 

0.0 

kPa 

-307.9 

kPa 

-867. 

1 

kPa 

433. 

5 

kPa 

10-93 

0.0 

kPa 

-37.5 

kPa 

-337. 

5 

kPa 

168. 

8 

kPa 

10-94 

0.0 

psi 

-295.7 

psi 

-1804. 

3 

psi 

902. 

1 

psi 

10-08 

0.0 

psi 

-2167.6 

psi 

-6832. 

4 

psi 

3416. 

2 

psi 



10-96 

130.7 MPa 

69.3 MPa 

213.2 MPa ew 

10-97 

269.3 MPa 

-69.3 MPa 

133.2 MPa ccw 

10-90 

-37.9 MPa 

197.9 MPa 

31.6 MPa ccw 

10-99 

19.1 Ksi 

-6.1 ksi 

34.0 ksi ccw 

10-100 

3.6 ksi 

-21.6 ksi 

43.9 ksi cw 

10-101 

-300.0 kPa 

-150.0 kPa 

355.0 kPa cw 

10-102 

-2010.3 psi 

510.3 psi 

392.6 psi cw 

10-103 

-765.3 psi 

-234.5 psi 

4672.5 psi cw 

10-104 

8363.5 psi 

86.3 psi 

1421.2 psi cw 


10-105 


894.8 kPa 555.2 KPa 1088.9 KPa ccw 
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Delta [0, 60,120 degree] Rosette Data [Uses Equations 10-25 to 10-27] 


SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES 
FROM STRAIN GAGE ROSETTE OUTPUT DATA 


Referto Section 10-12 for method. 
Input data in shaded elementa 


Aluminum 6061-T6 


Material Properties SI Metric Units 


Modulus of Elasticity : 69.0 x 10 Pa 
Poisson's Ratio 0.33 


Rectangular [0, 45, 90 degree] Rosette Data [Uses Equations 10-22 to 10-24] 

Problem 10-110 1 

Strain from Gage 1 ¡ 

1480 x10^ m/m 

Strain from Gage 2 

*65x10 -6 m/m 

Strain from Gage 3 

■428 xIO 6 m/m 

Results: 


Max Principal Strain 

1902 xIO -6 m/m 

Min Principal Strain 

6 xIO -6 m/m 

Angle p 

-28.2 degrees 

[From the axis of gage 1 to the nearer principal axis] 

Max Principal Stress 

147 Mpa 

Min Principal Stress 

49.1 Mpa 

Max Shear Strain 

1897 radians [Dimensionless] 

Max Shear Stress 

49.2 MPa [in plañe of initial element] 

***Only when Max and Min Principal Stresses have the same sign*** 
[Assuming stress = 0 perpendicular to plañe of initial element] 

True Max Shear Stress 

73.7 MPa 


Problem 10-11 


Strain from Gage 1 1480 xIO m/m 


Strain from Gage 2 
Strain from Gage 3 
Results: 

Max Principal Strain 
Min Principal Strain 


165,xIO m/m 
428 xIO -6 m/m 

1494 xIO 6 m/m 
-112 xIO 6 m/m 


Angle p -5.4 degrees 

[From the axis of gage 1 to the nearer principal axis] 

Max Principal Stress 113 Mpa 
Min Principal Stress 29.5 MPa 

Max Shear Strain 1607 radians [Dimensionless] 

Max Shear Stress 41.7 MPa [in plañe of initial element] 
***Only when Max and Min principal stresses have the same sfgn* 
[Assuming stress = 0 perpendicular to plañe of initial element] 
True Max Shear Stress 56.4 MPa 









SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES 
FROM STRAIN GAGE ROSETTE OUTPUT DATA 


Referto Section 10-12 for method. 
nput data ín shaded elements 


Aluminum 7075-T6 


Material Properties SI Metríc Units 



Rectangular [0,45, 90 < 


Problem iq. 


Strain from Gaga 1 
Strain from Gage 2 
Strain from Gage 3 
Results: 

Max Principal Strain 
Min Principal Strain 


ree] Rosette Data [Uses Equations 10-22 to 10-24] 


xIO m/m 
| xl0 6 m/m 
; xl O' 6 m/m 


1104 xIO m/m 
390 xIO' 6 m/m 


Angle p -36.4 degrees 

[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 99.2 Mpa 
Min Principal Stress 60.7 Mpa 

Max Shear Strain 714 x 10" 6 radians [Dimensionless] 

Max Shear Stress 19.3 MPa [in plañe of initial element] 
***Only when Max and Min Principal Stresses have the same sign 
[Assuming stress = 0 perpendicular to plañe of initial element] 
True Max Shear Stress 49.6 MPa 


Delta [0, 60,120 degree] Rosette Data [U ses Equahons 10-25 to 10-27] 
Problem lü-ii§ | 


Strain from Gage 1J ^ 853¡ xl 0 m/m 
Strain from Gage 2 406’ xl 0^ m/m 

Strain from Gage 3 ‘ $#J|x1 0 -6 m/m 

Results: 

Max Principal Strain 892 xIO 6 m/m 

Min Principal Strain 375 xIO^ 5 m/m 

Angle p -15.9 degrees 

[From the axis of gage 1 to the nearer principal axis] 

Max Principal Stress 81.7 Mpa 

Min Principal Stress 53.9 MPa 

Max Shear Strain 516x10^ radians [Dimensionless] 

Max Shear Stress 13.9 MPa [in plañe of initial element] 
***Only when Max and Min principal stresses have the same sign*** 
[Assuming stress = 0 perpendicular to plañe of initial element] 
True Max Shear Stress 40.8 MPa 






















SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES 
FROM STRAIN GAGE ROSETTE OUTPUT DATA 


Referió Sedion 10-12 for method. 

Input data in shaded elementa_ 


AIS11040 coid drawn Steel 


Material Properties SI Metríc LJnits 


Modulus of Elasticity: 207.0 x 10 Pa 
Poisson's Ratio Ü 0.29 


Rectangular [0, 45, 90 degree] Rosette Data [Uses Equatíons io-22 to 10-24] 


Problem 10-112 


Strain from Gage 1 389 xIO m/m 
Strain from Gage 2 737 x10^ m/m 



Strain from Gage 3 *290 xIO m/m 

Results: 

Max Principal Strain 816 xIO* 6 m/m 
Min Principal Strain -717 xIO 6 m/m 


Anglep 31.9degrees 

[From the axis of gage 1 to the nearer principal axis] 

Max Principal Stress 137.5 Mpa 
Min Principal Stress -108.6 Mpa 

Max Shear Strain 1534 radians [Dimensioniess] 

Max Shear Stress 123.0 MPa [in plañe of initial element] 

***Only when Max and Min Principal Stresses have rite same sign*** 
[Assuming stress = 0 perpendicular to plañe of initial elementj 
True Max Shear Stress 68.7 MPa 


efta [Ó, 60, 120 degree] Rosette Data [U ses Equatíons 10-25 to 10-27] 
Problem 10 120 ] 

Strain from Gage 1 389 x10 s m/m 
Strain from Gage 2 737 xIO" 6 m/m 

Strain from Gage 3 -290 xIO' 6 m/m 


Strain from Gage 2 
Strain from Gage 31 
Results: 

Max Principal Strain 
Min Principal Strain 


882 xIO' 6 m/m 
-324 xIO" 6 m/m 


Angle p 39.7 degrees 

[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 178.0 Mpa 
Min Principal Stress -15.5 MPa 

Max Shear Strain 1206 radians [Dimensioniess] 

Max Shear Stress 96.8 MPa [in plañe of initial element] 
***Only when Max and Min principal stresses have the same sign* 
[Assuming stress = 0 perpendicular to plañe of initial element] 
True Max Shear Stress 89.0 MPa 








SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES 
FROM STRAIN GAGE ROSETTE OUTPUT DATA 


Refer to Section 10-12 for method. 

Input data in shaded elements 

AISI 4140 OQT 

900 Steel 

Material Propertíes 

SI Metríc Units 

Modulus of Elasticity 

207.0x10 6 Pa 

Poisson's Ratio 

0.29 



” -J 


\ -- . :: 


mmSmsm 


Rectangular [0,45, 90 degree] Rosette Data [Uses Equations 10-22 to 10-24] 

Problem 10-113 I 

Strain from Gage 1 

925x10® m/m 

Strain from Gage 2 

-631 xIO® m/m 

Strain from Gage 3 

552x10 ® m/m 

Resulte: 


Max Principal Strain 

2121 xIO® m/m 

Min Principal Strain 

-644 xIO® m/m 

Angle p 

-41.1 degrees 

[From the axis of gage 1 to the nearer principal axis] 

Max Principal Stress 

437.1 Mpa 

Min Principal Stress 

-6.5 Mpa 

Max Shear Strain 

2764 radians [Dimensionless] 

Max Shear Stress 

221.8 MPa [in plañe of initial element] 

***OnIy when Max and Min Principal Stresses have the same sign*** 

[Assumíng stress - 

0 perpendicular to plañe of initial element] 

True Max Shear Stress 

218.5 MPa 




Delta [0, 60,120 degree] Rosette Data [Uses Equations 10-25 to 10-27] 


Problem 10-121 


Strain from Gage 1 
Strain from Gage 2 
Strain from Gage 3 
Resulte: 

Max Principal Strain 
Min Principal Strain 


925 xIO m/m 
-631 xlO^m/m 
552 xIO® m/m 

1220 xIO 6 m/m 
-656 x10^ m/m 


Angle p -23.4 degrees 

[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 232.7 Mpa 
Min Principal Stress -68.3 MPa 

Max Shear Strain 1876 radians [Dimensionless] 

Max Shear Stress 150.5 MPa [in plañe of initial element] 
***Only when Max and Min principal stresses have the same sign* 
[Assumíng stress = 0 perpendicular to plañe of initial element] 
True Max Shear Stress 116.4 MPa 









SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES 
FROM STRAIN GAGE ROSETTE OUTPUT DATA 


Referto Section 10-12 for method. 
Input data jn shaded elements 


CopperC14500 hard_ 


Material Properties Ü.S. Customary Unit System 


Modulus of Elasticity 17.0 x 10 psi 

Poisson’s Ratio 0.33 







Rectangular [0,45, 90 degree] Rosette Data [Uses Equations 10-22 to 10-24] 

Problem 10-114 | 

Straln from Gage 1 

169 xIO 6 in/in 

Strain from Gage 2 

-266 xIO 6 in/in 

Strain from Gage 3 

|P ; 543 xIO" 6 in/in 

Results: 


Max Principal Strain 

1006 xIO" 6 in/in 

Min Principal Strain 

-294 xIO -6 in/in 

Angle p 

36.6 degrees 

[From the axis of gage 1 to the nearer principal axis] 

Max Principal Stress 

17335 psi 

Min Principal Stress 

731 psi 

Max Shear Strain 

1299 radians [Dimensionless] 

Max Shear Stress 

8302 psi [in plañe of initial eiement] 

***On/y when Max and Min Principal Stresses have the same sign*** 

[Assuming stress = 

0 perpendicular to plañe of initial eiement] 

True Max Shear Stress 

8667 psi 




mmñl 


Delta [0, 60,120 degree] Rosette Data [Uses Equations 10-25 to 10-27] 

Problem 10-122 1 

Strain from Gage 1 :| 

160 x10^ in/in 

Strain from Gage 2 

-266 x10^ in/in 

Strain from Gage 3 

643 xIO" 6 in/in 

Results: 


Max Principal Strain 

616 x10 fi in/in 

Min Principal Strain 

-319 xl O 6 in/in 

Angle p 

-43.8 degrees 

[From the axis of gage 1 to the nearer principal axis] 

Max Principal Stress 

9748 psi 

Min Principal Stress 

-2204 psi 

Max Shear Strain 

935 radians [Dimensionless] 

Max Shear Stress 

5976 psi [in plañe of initial eiement] 

\***Only when Max and Min principal stresses have the same sign*** 

[Assuming stress = 

0 perpendicular to plañe of initial eiement] 

True Max Shear Stress 

4874 psi 





SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES 
FROM STRAIN GAGE ROSETTE OUTPUT DATA 


Refer to Section 10-12 for method. 

Input data ín shaded elements _ 


Titanium TÍ-6AI-4V, aged 


Material Properties U.S. Customary Unit System 


Modulus of Elasticity 16,5 x 10 psi 

Poisson’s Ratio 0.3 







Rectangular [0, 45, 90 degreej Rosette Data [Uses Equations 10-22 to 10-24] 

Problem 10-115 | 

Strain from Gage 1 

•; 775 x10 " in/in 

Strain from Gage 2 

369 x10 6 in/ín 

Strain from Gage 3 

-318 xIO -6 in/in 

Results: 


Max Principal Strain 

793 xIO' 6 in/in 

Min Principal Strain 

-336 xIO 6 in/in 

Angle p 

7.2 degrees 

[From the axis of gage 1 to the nearer principal axis] j 

Max Principal Stress 

12548 psi 

Min Principal Stress 

-1776 psi 

Max Shear Strain 

1129 radians [Dimensionless] 

Max Shear Stress 

7162 psi [in plañe of initial element] 

\***Only when Max and Min Principal Stresses have the same sign*** 

[Assuming stress = 

0 perpendicular to plañe of initial element] 

True Max Shear Stress 

6274 psi 

1 


jDe/fa [0, 60,120 degreé] Rosette Data [Uses Equations 10-25 to 10-27] 


Problem 1Q-123 

Strain from Gage 1 775 xl O 6 in/in 

Strain from Gage 2 369 xl O -6 in/in 

Strain from Gage 3 -318 xl O" 6 in/in 

Results: 

Max Principal Strain 913 xIO' 6 in/in 
Min Principal Strain -363 xl O' 6 in/in 


Anglep 19.2 degrees 

{From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 14587 psi 
Min Principal Stress -1607 psi 

Max Shear Strain 1276 radians [Dimensionless] 

Max Shear Stress 8097 psi [in plañe of initial element] 
***Only when Max and Min Principal Stresses have the same sign* 
[Assuming stress = O perpendicular to plañe of initial element] 
True Max Shear Stress 7294 psi 









SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES 
FROM STRAIN GAGE ROSETTE OUTPUT DATA 


Referto Section 10-12 for method. 
Input data in shaded elements 


Ductile Iron, ASTM A536, 80-55-6 


Material Properties U.S. Customary Unit System 


Modulus of Elasticity 24.0 x 10 psi 

Poisson's Ratio 0.2? 



octangular [0,45,90 degree] Rosette Data [Uses Equatíons 10-22 to 10-24] 


Problem 10-110 


Strain from Gage 1 389 xl 0 in/in 
Strain from Gage 2 737 xl O’ 6 in/ln 


Strain from Gage 2 
Strain from Gage 3 
Results: 

Max Principal Strain 
Min Principal Strain 


-290 xl O -0 in/in 


816 xIO in/in 
-717 xIO" 6 in/in 


Anglep 31.9degrees 

[From the axis of gage 1 to the nearer principal axis) 

Max Principal Stress 16117 psi 
Min Principal Stress -12863 psi 

Max Shear Strain 1534 radians [Dimensionless] 

Max Shear Stress 14490 psi [in plañe of initial element) 
***Only when Max and Min Principal Stresses have the same sign* 
[Assuming stress = 0 perpendicular to plañe of initial element] 
True Max Shear Stress 8059 psi 


Delta [O, 60,120 degree] Rosette Data [U ses Equatíons 10-25 to 10-27] 
Problem 10-124 1 

Strain from Gage 1 389 xIO -0 in/in 

Strain from Gage 2 737 xIO 6 in/in 

Strain from Gaae 3 -290 x10~ 6 in/in 


Strain from Gage 21 
Strain from Gage 3 
Results: 

Max Principal Strain 
Min Principal Strain 


882 xIO 6 in/in 
-324 xIO 45 in/in 


Angle p 39.7 degrees 

[From the axis of gage 1 to the nearer principal axis] 

Max Principal Stress 20559 psi 
Min Principal Stress -2236 psi 

Max Shear Strain 1206 radians [Dimensionless] 

Max Shear Stress 11397 psi [in plañe of initial element) 
***Oniy when Max and Min Principal Stresses have the same sign* 
[Assuming stress - 0 perpendicular to plañe of initial element] 
True Max Shear Stress 10280 psi 








SPREADSHEET FOR COMPUTING PRINCIPAL STRAINS AND STRESSES 
FROM STRAIN GAGE ROSETTE OUTPUT DATA 



Stainless Steel, AISI 501 OQT 1000 


Material Properties U.S. Customary Unit System 


Modulus of Elasticity ■ ' 29.0, x 10 psi 
Poisson’s Ratio i 0.30 



0, 45, 90 degree] Rosette Data [Uses Equations 10-22 tú 10-24] 


Problem 10-117 


Strain from Gage 1 
Strain from Gage 2 
Strain from Gage 3 
Results: 

Max Principal Strain 
Min Principal Strain 




xIO in/in 
228:x10 6 in/in 
3ü§xl0" 6 in/in 


2688 xIO in/in 
-263 xIO -6 in/in 


Angle p -38.7 degrees 

[From the axis of gage 1 to t he nearer principal axis] 

Max Principal Stress 83147 psi Veryhigh stress: s y = 135 ksi 

Min Principal Stress 17317 psi N = 1.62 Low 

Max Shear Strain 2951 x 10 -6 radians [Dimensionless] 

Max Shear Stress 32915 psi [in plañe of initial element] 

***Only when Max and Min Principal Stresses have the same sign*** 
[Assuming stress = 0 perpendicular to plañe of initial element] 

True Max Shear Stress 41574 psi 



Delta [0, 60,120 degree] Rosette Data [U ses Equations io-25 to 10-27} 
Problem 10 125 1 

Strain from Gage 1 1532x10* * in/in 


Strain from Gage 21 
Strain from Gage 3; 
Results: 

Max Principal Strain 
Min Principal Strain 


-228 xIO in/in 
893 xIO' 6 in/in 

1761 xIO' 6 in/in 
-296 xIO' 6 in/in 


Angle p -19.5 degrees 

[From the axis of gage 1 to the nearer principal axis] 
Max Principal Stress 53289 psi 
Min Principal Stress 7390 psi 

Max Shear Strain 2058 x 10" 6 radians [Dimensionless] 

Max Shear Stress 22949 psi [in plañe of initial element] 
***Only when Max and Min Principal Stresses have the same sign* 
[Assuming stress = 0 perpendicular to plañe of initial element] 
True Max Shear Stress 26644 psi _ 
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11-42 The support cables for the sling act at 30° to the horizontal and exert a direct axial 

compressive forcé on the spreader as shown below. Assume central loading of a straight 
column. The horizontal (axial) component of the cable forcé is 15 588 Ib. 

A r. a y = ñooúue 
A-g- JóOÍLg/SMjtS ~ /SCOdLB 
Aa*& x c /SoóoalfCeSSo') -/S£&S LA 


tfOOOLg 


Design decisión: Use a hollow steel tube made from ASTM A501 structural Steel. The 
column buckling analysis spreadsheet (Figure 14-9) was used to determine that the 
lightest size with adequate capacity is a 3x3x1/4 hollow steel tube. Other results are 
summarized below. 

L s L e a 96 in; r ® 1.11 su; SR ** 86.5; A » 2.44 in 2 ; s 36 000 pal; E « 29x10 6 
psi; C c s 126; Use A?* 2.5 (design decisión); Column ¡s short; Use Johnson 
formula; F cr “ 67180 Ib; P a a 26872 ib. 

1143 The analysis is similar to Problem 1142. With the angle of 15°, the axial forcé 
on the tub® is 33 §88 Sb. Th@ spreader now must be a HSS 4x4x1/4 steel tube 
with A ® 3.37 ¡n 2 ; r s 1.82 in; SR “ 63.2; Short column; From the Johnson 
formula, P cr * 106103 Ib; F a ■ 42441 Ib. 

Crooked Columns 

For Problems 1144 to 11 -49 loading data were taken from eariier problems as Usted in the 
problem statements. The amount of ¡nitial crookedness is given. The Crooked Column Analysis 
spreadsheet (Figure 11-15) was used to determine the critical buckling load and the allowable 
load for a design factor of 3.0. The spreadsheet solves Equation 11-13. Results are summarized 
in the table on the following page. 

Eccentricallv-Loaded Columns 

For Problems 11-SO to 11-58, data from the problem statements were entered into the Eccentric 
Column Analysis spreadsheet (Figure 11-16). Where the problem asks for the máximum stress 
and deflection, the design factor /V = 1.0 was entered at the lower ieft column. For design 
problems, the requested design factor (typically N - 3.0) was entered. Results are summarized 
in the table on the following page. 

Problem 11 59 



Straight and crooked column analysis required for the 2-in schedule 40 steel pipe, 156 in 
long. The spreadsheets in Figures 11-9 (Straight columns) and 11-15 (crooked columns) 
were used to determine the following results. 

a) Straight pipe: SR = 198; C c = 126; Long column; P CT - 7831 Ib; P a = 2610 Ib. 

b) Crooked pipe: a = 1.25 in; Ci in Eqn. 11-19 = -21 766; C 2 = 3.36x10 7 ; Euler buckling 
load = 7831 Ib; P a = 1676 Ib. 



CROOKED COLUMN ANALYSIS - SUMMARY OF RESULTS OF PROBLEMS 11*44 lo 11-49 
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Thís gives therequiredyieldstrength (84.9ksi) of the material forN = 3. SpecifyAIS11040 WQT900Steel ; s y = 90.0ksi. 



Problems 11-53 to 11-58 Eccentrically Loaded Coiumn Analysis (Continued) 
Valué of N = 3 used to evalúate safety 
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Equation 11-19 used for Problem 11-59(b) 
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PROBLEMS 12-26 TO 12-35: 

These problems are design problems so there may be more than one possible acceptable result. The 
approach taken in the foltowing spreadsheets is to maintain the inner radius, a , at the stated mínimum in 
the problem and then to adjust the outside radius, b, so that the máximum stress achieves the desired 
design factor. Attention was paid to whether the resulting design produced a thin-walled or thick-walled 
vessel. The spreadsheets are similar to that shown in Figure 12-7 in the text, augmented to enable the 
computation of the design stress and the volume of material in the cylinder or sphere. Both cylinders and 
spheres can be analyzed with the spreadsheet and the unused parí of the sheet has been crossed out, 
leaving only the desired data. 

Problems 12-26 through 12-30 cali for a design stress of s ,/8 as the primary parameter. 
Secondarily, they cali for computing the design factor based on yield strength if the máximum pressure 
was double the original design pressure. This approach reflects that the design pressure may be 
experienced rnany thousands of times in the life of the vessel and that fatigue of the material may be a 
failure mode. The higher pressure is considered a burst pressure test pressure that will be experienced 
only once or a few times in the life of the vessel. 



PROBLEMS 12-26 TO 12-28 and 12-30: 

Fhese problems have the same design objectives with regard to the operaíing pressure and the length and 
inside diameter of a cylindrical pressure vessel. The material for the vessel is different for each problem. 
Following the given solution for Problem 12-30, a summary of the residís for alt four problems is given, 
comparing the wall íhickness, volume of material in the cylinder, and the weight or of the cylindrical 
poition, not counting any end pieces or closures. This should give the student and the reader a feel for 
how material selection affecís the final product design. 


| STRESSÉS IN THICK-WALLED CYLINDERS AND SPHERES 


Data Required: 

Pressure = p = 450 psi 

Inside radius -a- R¡ = 3.000 in 

Outside radius = b-R 0 = 3.250 in 

Problem Number: 12-26 

Wall thickness = t = 0.25 in 

Mean diameter = D m = 6.25 in 

Ratio: D m /t = 25.ofrhÍn 

If Ratio < 20, Vessel is thick 


-Anaiysisof^Sphere —— 

IWIgy Tannnnli-il glrnfi? —_07-19 ne-i 

huuAVti'ilSrfiilikal 


Z.WIÍC.7Ñ7 


A na lysis of a Cylinder 



56251 psi I 

2812.5 psi ! 

Ultímate strength = 45000 psi ¡Thin-walled 

Su/8 = | 5625 jpsi Actual N for su = 8.00 

Yield strength = 40000 psi 

Sy/4 = 10000 psi Actual N for sy= 7.11 

N for p = 900 psi = 3.556 



| STRESSES IN THICK-WALLED CYLINDERS AND SPHERES 


Data Required: 

Pressure = p = 450 psi 

Inside radius = a = R¡ = 3.000 in 

Outside radius ■- b - R 0 = 3.065 in 

Problem Number: 12-27 

Wall thickness = t - 0.065 in 
Mean diameter = D m = 6.065 in 

Ratio: D m A = 93.3|Th7n 

If Ratio < 20, Vessel is thick 


1 kTi r-VJB K-TíTíT-Tíi» ift-i ■¿H I 


£ ■ ij ST^jíT-jT»^ 


r ru^T pi 


Analysis of a Cylinder 

fhin-wall cylinder 

Max Tangential Stress = 20997 psi Volume of cylinder = 18.58 in 3 

Max Longitudinal Stress = 10273 psi Weight of cylinder = 2.972 1b 

Max Radial Stress = -450 psi [Titanium: 0,16 lb/in 3 ] 

20994|ps"í 

10497 psi 

Ultímate strength = 170000 psi jThin-walled 

Su/8 = | 21250|psi Actual N for su = 8.10 

Yield strength = 155000 psi 

Sy/4 = 38750 psi Actual N for sy = 7.38 

N for p = 900 psi = 3.691 




























STRESSES IN THICK-WALLED CYLINDERS AND SPHERES 


Data Required: 


Pressure = p = 

450 psi 

Inside radius = a = R¡ = 

3.000 in 

Outside radius = b = R 0 = 

3.052 in 




Analysis ofa Cylinder 


Max Tangential Stress = 26188 psi 

Max Longitudinal Stress = 12869 psi 

Max Radial Stress - -450 psi 


Ultímate strength = 210000 psi 
Su/8 = r~26250] psi 
Yield strength = 185000 psi 
Sy/4 = 46250 psi 


Volume of cylinder = 14.83 ¡n 

Weight of cylinder = 4,167 Ib 
[St. Stl.: 0.281 lb/in 3 ] 


jThin-waííed 

Actual N for su = 8.02 

Actual N for sy = 7.06 

N for p =900 psi = 3.532 


Thin-wall cylinder 


26187 


13093 psi 


STRESSES IN THICK-WALLED CYLINDERS AND SPHERES 


Data Required: 

Pressure = p = 450 psi 

Inside radius = a =R¡ = 3.000 in 

Outside radius = b= R 0 = 3.0391 in 


Problem Number: 12-30 
Wall thickness = t = 0.039 in 
Mean diameter = D m - 6.039 in 

Ratio: D m ñ - 154 ., 

If Ratio < 20, Vessel ¡s thick 



Analysis ofa Cylinder 


= 34753 psi 

= 17152 psi 

- -450 psi 


Ultímate strength = 278000 psi 
Su/8 = IpM^ psi 
Yield strength = 185000 psi 
Sy/4 = 46250 psi 


Graphite/Epoxy composite I Thin-wall cylinder 


Volume of cylinder - 11.13 irr 

Weight of cylinder = 0.634 Ib 
[Composite: 0.057 lb/in 3 ] 


|T hin-walíed"' 
Actual N for su = 8.00 

Actual N for su = 8.00 

N for p = 900 psi = 4 



12-30 


SUMMARY OF RESULTS OF PROBLÉMS 12-26-12 28 AMD 12-80 


Material 

th 


0.250 in 
0.065 in 
0.052 in 
0.039 in 


12-26 Aluminum 6061-T6 
12-27 Titanium TÍ-6AI-4V 
12-28 Stainless Steel 17-4PH H900 




Weight 

Ratio of weights based 

on composite design 

7.363 Ib 

11.61 

2.972 Ib 

4.69 

4.167 Ib 

6.57 

0.634 Ib 

1.00 




































These problems have the same design objectives wiíh regard to the operating pressure, design factor, and 
inside diameter of a spherical pressure vessel. The material for the vessel is different for each problem. 
Following the given solution for Problem 12-33, a surnrnary of the results for all three problems is given, 
comparing the wall thickness, volume of material in the sphere, and the weight or of the sphere. This 
should give the student and the reader a feel for how material seleetion affects the final product design. 

c ylinders^nFsphírís^ 

Data Required: Problem Number: 12-31 

Pressure = p = 3000 psi Wall thickness = t = 0.475 in 

Inside radius = a = R¡ = 9.000 in Mean diameter = D m - 18.48 in 

Outside radius = b = R 0 = 9.4750 j n Ratio: D m /t = 38.9pTin 

_[f Ratio < 20, Vessel is thick 


Analysis of a Sphere 




























Data Required: 

Pressure = p = 3000 psi 

Inside radius -a-R, = 9.000 in 

Outside radius = b = R 0 = 9.4900 in 


Problem Number: 12-33 
Wall thickness = t = 0.49 in 

Mean diameter = D m = 18.49 in 

Ratio: D m /t = 37.7 pfhÍn“ 
If Ratio < 20, Vessel is thick 


Analysis of a Sp here 

Max Tangential Stress = f" 27604| psi 
Max Radial Stress = -3000 


TI-6AI-4V Titanium 


Volume of sphere = 526.4 in 

Weight of sphere = 84.23 Ib 


Titanium density = 0.160 Ib/in 



Ultímate strength = 170000 psi 
Su/6 = I 28333| psi 
Yield strength = 155000 psi 
Sy/4 = 38750 psi 


Actual N for su : 

Actual N for sy : 
N for p = 6000 psi ¡ 


5.48 

2.738 


Thm-wall sphere 


28301 i psi 


T-hin-wall-eylinder 


Weightofey(inder--68.31 Ib 
-- T i tan i um d e nsity - Orl^ O - l b /in 3 



SUMMARY OF RESULTS OF PROBLEMS 12-31 - 12-33 


Prob, 

No. 


12-31 AISI 501 OQT 1000 St. Steel 
12-32 Aluminum 7075-T6 
12-33 Titanium TÍ-6AI-4V 


Weight Ratio of weights based 


0.475 in 
0.984 in 
0.490 in 


ibUiigiirmTT 


142.6 Ib 
111.51b 
84.23 





































Data Required: 

Pressure = p = 4200 kPa 

Inside radius = a = R¡ = 225 mm 

Outside radius = b = R 0 = 250.9 mm 


Problem Number: 12-34 
Wall thickness = t - 25.9 mm 

Mean diameter = D m = 475.9 mm 

Ratio: D m /t = 18.4 f“ Thick 

If Ratio < 20, Vessel is thick 


Aluminum 6061-T6 



Analysis of a Cylinder 



Ultímate strength = 
Su/8 = [ 
Yield strength = 
Sy/4 = 


38.70 MPa 
17.25 MPa 
-4.20 MPa 


310 MPa 
"38J5¡MPa 
276 MPa 
69.00 MPa 


Aluminum density = 2770 kg/m 


Length of cylinder = 600 mm 


Volume of cylinder = 0.023234 m 

Weight of cylinder = 64.36 kg 

Aluminum density = 2770 kg/m J 


Actual N for su = 

Actual N for sy = 
N for p = 8400 MPa = 


Thick I 
8.01 




Data Required: 

Pressure ~p= 300 psi 

Inside radius = a = R¡= 12.000 in 

Outside radius = b = R 0 - 12.301 in 



— 


Ta¡SM 040 CD Steel ' 


r 


Steel density = 

0.283 Ib/in 0 

¡ Analysis of a Cylinder 

Length of cylinder = 

30 in3 

Max Tangentíal Stress = 

12112 psi 

Volume of cylinder = 

689.4 in 3 

Max Longitudinal Stress = 

5906 psi 

Weight of cylinder = 

195.1 Ib 

Max Radial Stress = 

-300 psi 

Steel density = 

0.283 Ib/in 3 

Ultímate strength = 

97000 psi 

”| 

Thin 

Su/8 = [[ 

l2Í25lpsi 

Actual N for su = 

8.01 

Yield strength = 

82000 psi 



Sy/4 = 

20500 psi 

Actual N for sy = 

6.77 



N for p = 600 psi = 

3.386 
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